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uCs turn handheld DMMs 
into capable R&D tools 


‘Software bugs yield to to 
emulator, bus-state analyzer 
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Oscilloscopes combine high performz 


and measurement convenience 
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The only 14-bit monolithic A/D converter EPROM error correction technique. Unlike con- 
on the market today —that’s Intersil’s ICL7115. ventional techniques such as laser trimming, this 
It’s the chip that will change the definition of unique EPROM correction method compensates 
signal processing. for linearity and full-scale error with greater 

Data acquisition and data logging applica- precision and stability, over the entire operating 
tions are a whole new ball game with the ICL7115. | temperature range. 

It’s monolithic, which means lower cost and higher Though it’s a hot new product, the ICL711 
reliability than systems built with hybrids or is a very cool performer: thanks to our advanced 
modules. And its successive approximation tech- CMOS technology, the whole package dissipates 
nique gives you 25,000 conversions per second, only 10mW. 

for more rapid sampling and greater digitizing And if your system requires equal precisio 
capabilities. ina D/A converter, our ICL7134 meets the chal- 

The key to the ICL7115 is our proprietary lenge. Utilizing the same proprietary EPROM 


stands alone 


error correction technique, the ICL7134 provides 
up to 14 bits of accuracy and ultra-high stability 
over the entire operating temperature range. Plus 
the same cool low-power CMOS performance. 

Right now, we've got plenty of stock avail- 
able. So once you see how easily the ICL7115 
interfaces to your hardwired system and hooks 
up to 8- or 16-bit buses, you can spec the A/D chip 
that stands without peer. 

Matter of fact, give us a call today and we'll 
put this super A/D converter in your hands. After 
all, we designed the ICL7115 for great engineers. 
Like you. 


Call us for your free evaluation ICL7115, 
or write Intersil, Inc., Mail Stop R1-26, 10600 Ridge- 
view Court, Cupertino, CA 95014. In Europe, call 
(02) 673-93-79 or 660-20-14. Or write General 
Electric, International Operations, Chaussee de la 
Hulpe, 150-Bte. 5, 1170 Brussels, Belgium. 

And discover—first hand—why GE stands 
for Great Engineering. 


GE and 96) are registered trademarks of General Electric Company, U.S.A. 


Sample the future. Call 1-800-4GE-SEMI, IN NY STATE 1-800-2GE-SEMIi 
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Ext. 401. Free evaluation ICL7115s are available to the first 3000 qualified callers. 


Memory © 
and 
More. 


What instrument is no 
bigger than a lunchbox, takes 
measurements like four high- 
performance multimeters, 
gathers data like a logger, and 
stores tens of thousands of 
readings? 
Only one instrument is like 
that—Wavetek's new Model 
52 Data Multimeter. 
It measures DC voltage 
and current, AC voltage [to 1 
MHz) and current, resistance, 
volt-amperes, dB, frequency, 
period, time interval and pulse 
width. And it accepts industry- 
standard thermocouples—u, K, 
E and T. 
The data is shown in 
numeric and/or bar graph form 
on the large, high-resolution 
LCD. The display also helps 
with setup by providing com- 
plete menus for every function. 
Four parallel, isolated A-D 
channels let the Model 52 do 
__ the work of four ordinary 
~ DMMs. Built-in computing 
_ functions calculate deltas, 
percentages, minimum/maxi- 
mum readings and averages 
and detect alarm thresholds. 
You can even program your 
own math functions. 

Model 52 is also a data 
logger. Add optional multi- 
plexers and you can gather up 
to 252 channels of analog data 
and store the readings in 
nearly a megabyte of RAM. 
Digital |/O options add up to 

_ 32 bits of digital input and 
Output as well as D/A capability 
for external control applications. 

Internal batteries protect 
your data and provide total 
portability. Leave it ona 
mountaintop and gather data 
for months, or put it in a plane 
and take readings on the fly. 

The Model 52 is easy to 

live with. You can transfer data 

| to any computer's database at 
your convenience using the 

_ standard RS-232 or optional 

_ IEEE-488 interface. Unique 
Flex-Cal closed-box calibration. 
saves your valuable time. 


© Copyright 1986 Wavetek Corporation 
_ Circle 4 for Literature 


Measurement. 


surface-mounted devices 
and a custom gate array make 
it possible to offer all these 
features in such a compact 
package—and a very low price. 
Also available is the remote- 
only Model 51 for an even 
lower price. 

For more information, call 
us at (619) 279-2200, or 
write Wavetek San Diego, Inc., 
9045 Balboa Ave., P.O. Box 
85265, San Diego, CA 92138. 
TWX 910-335-2007. 


WAVE TEK: 


MS-DOS 3.1 ON THE STD BUS 
INDUSTRIAL QUALITY AND 

COMMERCIAL CONVENIENCE 

PRO-LOG 


Your control system has a lot riding on it. A million-dollar 
production facility. Life-giving medical equipment. 
Tomorrow’s daily newspaper. It needs to work. . . 

and keep on working. 


Whatever your application, you can benefit from Pro-Log’s STD- 
DOS: The convenience and familiarity of IBM PC/AT® software 
and operating standards, but in rugged, industrial-quality 

hardware. It works . . . and keeps on working. 


t INDUSTRIAL QUALITY: 


~ Operates 0° to 65°C for more than 10 years with an average 
MTBF of more than 20 years per card. Backed by Pro-Log’s 
5-year parts and labor warranty. 


COMMERCIAL CONVENIENCE: 


Microsoft's® MS-DOS 3.1 is a software bus for 
connecting libraries, languages, editors, and 
application programs. 


The STD BUS is an industry standard hardware 
bus for connecting memory, I/O, and peripheral 
functions. 


The IBM PC/AT or clone is your development tool. 


STD-DOS FEATURES: WITH 2 CARDS 


8088 CPU, 5 MHz 

Time-of-day clock 

MS-DOS 3.1 in ROM disk 

128K-byte user ROM disk 

16K-byte user RAM disk 

112K bytes system RAM 

RS-232-C, RS-422/485 ports 

I/O expandable to 24 STD BUS card slots 
Memory expandable to 640K bytes 
Under $1200 


NEW SOFTWARE! | s1p-UB 1.1. a fully 


documented disc-resident library of driver 
software that supports Analog and Digital STD 
BUS cards for “C’”, BASIC, and Assembly 


language programs. 


For information on STD-DOS products, local 
seminars, or a personal demonstration, CALL or 
WRITE TODAY. Circle 45 for Direct Factory Response 


Circle 6 for Literature 
2560 Garden Road, Monterey, CA 93940 (408) 372-4593, Outside 


CA: (800) 538-9570, TLX: 171879; Australia (3) 836-3533; Canada 
(416) 625-7752; England (0276) 26517; France (1) 3956-8142; 
Germany (07131) 50030; Italy (2) 498-8031; Switzerland (01) 62 44 44. 


®Microsoft and MS-DOS are registered trademarks of Microsoft Corporation 
®IBM is a registered trademark of International Business Machines Corporation 
©1986 ADGROUP International PLO52 
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On the cover: Capturing signals that 
have subnanosecona rise times is no 
problem for high-performance 

oscilloscopes. Moreover, such scopes are in- 
cluding features like color displays and 
differential-measurement and X Y- 
plotting capabilities. See pg 134. (Photo 
by Reg Francklyn, art direction by Steve 
Galchutt; photo courtesy Hewlett-Packard) 
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SPECIAL ISSUE: 
TEST AND MEASUREMENT 


DESIGN FEATURES 
Special Report: High-performance oscilloscopes 134 


This year, more high-performance oscilloscopes than ever are 
available in the 150-MHz to 1-GHz bandwidth range. Unlike earlier 
high-performance scopes, many recent models offer extra features— 
such as onscreen cursors, LCD readouts, and automatic setup 
capabilities—that both make the instruments easier to use and improve 
their productivity—Chris Everett, Regional Editor 


Word generators bring Is? 
order to logic testing 


Logic analysis no longer entails just using a logic analyzer. A logic 
analyzer isn’t a comprehensive solution to logic testing. Given the 
complexity of today’s circuitry, you have to complement an analyzer 
with a word generator if you want to systematically test logic cir- 
cuits.—Robert Delp and Peter Kleindienst, Dolch Logic Instruments 


Test hardware helps pinpoint 169 
software bugs 


Setting breakpoints through the use of software debugging tools can 
solve some of your problems, but other bugs are more difficult to 
isolate and fix. Your chances of doing so improve considerably when 
you add an in-circuit emulator and a bus-state analyzer to your debug- 
ging arsenal.—Tomas R Blakeslee and John S James, Orion Instruments 


Fault simulation rates 181 
effectiveness of test patterns 


You can use several fault-simulation techniques to evaluate how ef- 
fectively a set of test vectors will uncover manufacturing defects in 
your circuit designs. Fault-simulation programs can help you produce 
the exact set of test vectors you need for a given level of fault 
coverage.—Geoffrey Indrajo and Laung-Terng Wang, Daisy Systems Corp 


Current-mirror FETs 193 
cut costs and sensing losses 


Power MOSFETS that set aside a portion of their source cells for 
current-sensing purposes allow you to monitor the FETs’ total drain 
current without the need to insert high-power, loss-producing resistors 
in series with the load current. To use these devices most effectively, 
you should understand the sensing current’s behavior—Gary Fay, 


Motorola Semiconductor Products Continued on page 7 
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How to be perfect to a fault. 


Get your product to market faster. Save 
weeks debugging each prototype circuit 
board. Immediately. 


What a faultless package: 

Fluke’s 9000 Series of micro-based 
hardware debuggers. Plus the free troub- 
leshooting training. And Fluke support 
when and where you need it. 

A package never before offered. 

So you can start testing your proto- 
type board on Monday, learn how to auto- 
mate your verification process on Tues- 
day, and look like a saint on Wednesday. 

And to make it even more miraculous, 
put Fluke on trial for 30 days and see 
how many faults you can find. On us. 

Just call the toll-free Fault-Line and 
get the whole story: 

e Your choice of three 9000 Series Hard- 
ware Debuggers. From Fluke, the world 
leader in emulative board testing. Fully- 
programmable to low-cost models. Even 
an IEEE-488 model. 

e Fast built-in tests discover hardware 
faults. 

e Exercise all data paths, without writing 
a line of code. 

e Support for over 50 microprocessors. 
e New expanded fault coverage. 

e Assure testability in manufacturing 
and service. 

From the moment you plug the inter- 
face pod into the microprocessor socket, 
you'll save time, money and deadlines. 

And become faultless in the eyes 
of man. 


Call the Fault-Line For 30-Day Free Trial 
1-800-44-FLUKE Ext. 201 


FLUKE 


IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., PO. Box C9090, M/S 250C, Everett, WA 98206. Sales: (206) 356-5400. Other: (206) 347-6100. 
EUROPEAN HEADQUARTERS: Fluke (Holland) B.V,, PO. Box 2269, 5600 CG Eindhoven. The Netherlands, (040) 458045, TLX: 51846. 
©Copyright 1986 John Fluke Mfg. Co., Inc: All rights reserved. Ad No. 1010-9000 
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Continued from page 5 


Manufacturers are extending the basic 

 flat-panel-display technologtes—liquid 
crystal, vacuum fluorescence, elec- — 
troluminescence, and gas discharge—to 
produce low-cost and highly readable 
screens for industrial, military, and por- 
table applications (pg 79). 
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TECHNOLOGY UPDATE 


Increased scale lengths, math functions 61 
make handheld DMMs general-purpose R&D tools 

Thanks to single-chip-C control, handheld digital multimeters now 
offer measurement performance and features that were formerly found 
only on benchtop instruments.—Peter Harold, European Edttor 


Advances in ned rman ie) technology 79 
improve display features and cut prices 

The R&D dollars that flat-panel-display manufacturers have spent 
over the past two years are finally bearing fruit: Prices are falling, the 
displays are more readable thanks to higher resolution and sharper 
contrast, and a few color displays are now available.—J D Mosley, 
Regional Editor 


ADEE East 786 sessions, courses, workshops 93 
stress practical CAD/CAE applications | 

This year’s Automated Design and Engineering for Electronics 
conference—ADEE East ’86—takes place at the World Trade Center on 
Commonwealth Pier in Boston from September 30 through October 
2 and emphasizes the practical aspects of today’s CAE and CAD 
systems.—Steven H Letbson, Regional Editor 


ADEE Products 100 


PRODUCT UPDATE 


Single-device, 2400-bps modem 113 
PC-based digital scope 114 
High-precision reference IC i? 


DESIGN IDEAS 


Latch array provides bank of control words 207 
Multiplexers expand 8051’s data/code space 208 
AGC circuit uses an analog multiplier 210 
IC emulates many types of logic gates 212 
Digital-delay circuit is programmable 214 

Continued on page 9 
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SR64K8 
8Kx8 
600 MIL 


SR64K8 
8Kx8 
~300 MIL 


The world’s fastest 8Kx8 CMOS _ And for those of you with byte- 
static RAM is now available in wide memory requirements 

the world’s skinniest package demanding a 600 mil DIP, accel- 
...a space-saving 28-pin 300 erate your system performance 
mil DIP. with our 35ns parts. 


No other source can offer it. 
No other source is even close. Now in volume production. 


For more information regarding 
the world’s largest family of 
high-density fast static RAM 
call or write: 


Lattice Semiconductor Corp. 


15400 N.W. Greenbrier Pkwy. 
Beaverton, Oregon 97006 


TELEX: 277338 LSC UR 
Rees ATT 
-800-FASTMEM SEMICONDUCTOR CORP. 
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EDITORIAL 47 


Some software developers unwisely refuse the benefits of computer- 
aided software engineering. They think, incorrectly, that CASE tools 
diminish creativity. 
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Metals I has become a leader i in the pro- 
duction of a wide range of advanced 
magnetic materials. For computers. For 
robots. For VTRs, automobiles, and more. 


m1 agnets, and magnetic resistivity 
sensors that are activated by light. 


For all your magnetics appli- 
cations, rely on Hitachi Metals — 
a comprehensive manufacturer of 

advanced materials that serve the 
of today’s industry. 


Tomorrow’ s Materials Begin Today. 
etals 


Hitachi Magnetic Corporation 
Head Office: 7800 Neff Road, Edmore, Michigan 48829, U.S.A. Phone: (517) 427-5151 Telex: WU 226309 (HITACHI EDME) 

Other Offices: Border Region (517) 427-5151, New England Region (603) 882-5204, Empire Region (201) 263-8675, 

- Southeast Region (704) 525-4136, East Central Region (216) 871-8993, Central Region (312) 934-0707, South Central Region (713) 931-0875, 
N rthwest Region (408) 745-7224, Southwest Hegion (714) 756-8594, Westem Region wi 4) 549-2945 


‘Systene Magnetic Company, Inc. | 
2837 Coronado Street, Anaheim, California 92806, U.S.A. Phone: (714) 632-8400 Telex: (1 0) 591-1 1 1 
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oduct failure can come from a 
of different sources. Unrelia- 

> solder joints. Ineffective defect 
sting. Inefficient component 
oling. All together, that can add 
. to a lot of rejects. And a lot of 
st profits. Fluorinert® Liquids 
duce the risk of product failure. 
id increase your chances for 
ofits and productivity. 

ipor phase soldering with 
uorinert® Liquids provides a 
ster, more reliable soldering 
ethod for electronic components 
id assemblies. This results in a 
jgher yield and reduced costs. 


rect contact cooling with 
uorinert® Liquids removes heat 
pidly so component tempera- 
res are kept lower, reducing fail- 
e rates and increasing reliability. 
‘the same time, components 

in be packaged closer together, 
ee power density and 


niati irizina tha nackana 
ni latul iat ae ti is veVviNey~Y: 


Gross leak, thermal shock, 

and liquid burn-in testing with 
Fluorinert® Liquids detect more 
defects before they have a chance 
to become rejects. 

Fluorinert® Liquids don’t make 
problems while they're solving 
problems, either. They leave 
essentially no residue, so no 
clean-up is necessary. They're 
colorless, odorless, non-flamma- 
ble, non-explosive, non-corrosive, 
and will not remove markings. 


FC numbers (FC-72, FC-77, 
FC-70, FC-40, etc.) iden- 
tify individual Fluorinert® Liquids. 
They offer a wide range of boiling 
points, making it easy to select 
the liquid that's right for your 
application. FC numbers are 
solely 3M designations for our 
fluorochemical products. 

And in addition to making Flu- 
orinert® Liquids easy to choose, 


wa maka them easy to use. We 
W¥\sr ££ CCAP BE ENE EE 


offer comprehensive technical 
assistance, including recommen- 
dations for fluids and application 
equipment; testing and produc- 
tion methods; evaluation of results; 
an extensive service bulletin 
program covering technological 
advances; and on-site applica- 
tions seminars. 

3M developed perfluorinated 
liquids 35 years ago, and we've 
been supplying them to the elec- 
tronics industry for the past 25 
years. So you can trust us, the 
industry leader, to help you select 
and use the right Fluorinert® 
Liquid for peak performance. And 
peak profitability. 

For more information, write: 
Commercial Chemicals Division/ 
3M, Building 223-6SE, St. Paul, 
MN 55144. Or call our hotlines: 
612/733-6282 (testing/cooling) 
612/733-7424 (soldering). 
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See Us At ISHM, Booth #616 
See Us At Expo SMT, Booth #814 


ANG | 4 3 
~ ari | VOLTA AGE 


3M hears you... 


Assemblers 
Linkers 
Locaters 


Compilers 


16 


Just add 
CPU and 


MMi 
FIFO 


_ INSTRUCTIO 


BUFFER 
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- Building a high-performance system is 
now easier than ever. 

Because all the major support circuitry 
you'll need is available from one supplier. 

Namely, Monolithic Memories. 

Our new high-performance LSI parts 
handle everything from memory support to 
data buffering to numerical processing. What's 
more, they handle it better. 

Which isn’t surprising when you con- 
sider that our parts perform like no others can. 

For instance, our single-chip 256K DRAM 
controller, single-chip 1 Mbit DRAM control- 


g 


yor ORn OG! 


MMI 
INTERFACE 
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lers and FIFO RAM controller are all industry 
exclusives. In addition, our Flow-Thru™ 16 x 16 
multiplier is the industrys fastest. And our 


FIFO data buffering product line is the industry's 


broadest. 

Other firsts on the way include our 16-bit 
ALUs. And in CMOS, our 32-bit Flow-Thru 
EDACs, 1K x 9 Deep FIFOs and the industry's 
fastest 16 x 16 multipliers. 

But what’s it all mean for you? 

In a word, performance. 

You see, even if you build your system 
around the best CPU and memory, it won't 


MMI 
ERROR 
CORRECTION 


MMI 
PERIPHERAL 
CONTROL 
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perform at its peak without the best support 
circuitry. 
That's why you should contact us today 
for our High Performance LSI Design Kit. 
Monolithic Memories, 2175 Mission 
College Blvd., Santa Clara, CA 95054. 
(800) 247-6527, x6005. 
And give your system all the support it 
needs. 
™Flow-Thru is a trademark of Monolithic Memories, Inc. © 1986, Monolithic 


Memories, Inc. 
Monolithic 
Memories 
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we developed 
lot of firsts. 


e A light pen for dramatically 
simple interactive editing 


Firsts that will keep your Stag 
PPZ Universal Programmer from 
becoming obsolete in a few 
weeks... a few months... a 

few years. 

Firsts like: 

e Completely self-contained 
software control modules 
with proven programs for 
all programmable technol- 
ogies including PAL’’s, 
IFLs, and Micros, as well 
as bipolar and MOS 
PROMs and others 


e 512K bits of memory, 
expandable to 64M bits 


e Integral CRT with “super 
menu” techniques for fast, 
easy operation 


and programming 


e Boolean entry support 
(BRAL™) for PALs and IFLs 


® Two RS232C, an IEEE-488, 
and a parallel port to inter- 
face with any development 


system 


And a whole lot more to 
ensure that your PPZ will be 


valuable to you 


for years. 


We were the first to introduce 
software-controlled program- 
mers way back in 1973. 
And the first to program 
PALs and IFLs with a 
universal programmer. 
For more firsts that are moving 
Stag from #2 to Data I/ O’s #1 
position, call or write us today. 


Stag Electronic Designs Ltd. 

Stag House, Tewin Court 

Welwyn Garden City, Herts AL71A 
Tel: (07073) 3214B 

TELEX: 8953451 


®copyright Stag Microsystems, Inc. 


PAL is a registered trademark of 
Monolithic Memories, Inc. 


BRAL is a registered trademark of 
Stag Microsystems, Inc. 


Moving Quickly to Become 


CIRCLE NO 196 


NEWS BREAKS 


EDITED BY GEORGE STUBBS 


PLDs BOOST SPEED TO 15 nSEC, CUT POWER 


Texas Instruments (Dallas, TX, (800) 232-3200, ext'700) has introduced a family of 
four 24-pin programmable logic devices, each of which specs a maximum propagation 
delay of 15 nsec (10 nsec typ)—a 40% improvement over the devices’ 25-nsec counter- 
parts. Functionally equivalent to and pin compatible with the company’s slower 
devices, the 15-nsec TIBPAL20 PLDs also require 30 mA less current, yielding a 
180-mA max Ip, Operating from 5V over O to 70°C, these ICs come in plastic DIPs at a 
cost of $6.50 (1000).—J D Mosley 


8-MHz 80286-BASED MOTHER BOARD REPLACES PC/XT VERSION 


You can increase the speed and power of your IBM PC/XT by replacing the mother 
board with the Tiger-286 from Computer Peripherals Inc (Newbury Park, CA, (805) 
499-5751). A PC/XT with the 8-slot mother board achieves a 9.2 Norton Utilities speed 
rating (a standard PC/XT rates a 1). The board includes an 8-MHz 80286 processor and 
IM byte of RAM. The system memory uses 640k bytes; 348k bytes serve as buffer 
memory for the hard disk, reducing the disk-interleave factor from 6:1 to 2:1. The 
board has the same dimensions and mounting holes as the PC/XT and draws 2A at BV. 
$1295.—Margery S Conner 


LOW-COST AUTOROUTER JOINS PC-BASED CAD PACKAGE 


A $975 autorouter option for Visionics’s (Sunnyvale, CA, (408) 745-1551) EE Designer 
pc-board CAD package, which is for the IBM PC and compatible computers, routes 
signals automatically on boards as large as 24x24 in. The option routes 2-sided boards 
or two signal layers of a multilayer board (you add additional layers for power and 
ground manually). The company plans to ship a free multilayer autorouter to pur- 
chasers later this year. You can instruct the router to automatically route all traces on 
_ your board or interactively route on a net-by-net or pin-to-pin basis. The router sup- 
ports a 50-mil grid, 13-mil signal-trace and 50-mil power-trace widths, and maximum 
component-pad and via diameters of 62 and 55 mils, respectively. You need EE 
Designer version 1.2 or later and 640k bytes to run the autorouter.—Steven H Leibson 


SOFTWARE KIT PROTECTS PROGRAMS FROM PIRACY 


A software authorization kit from Dallas Semiconductor (Dallas, TX, (214) 450-0431) 
lets a software writer, publisher, or value-added reseller lock application programs. 
You can perform the operation in less than four hours, even if you have minimal pro- 
gramming skills. The kit—the DS1253C—consists of an IBM PC-compatible floppy disk 
with tutorial examples for locking C, Fortran, Basic, and Pascal programs. The kit’s 
Keyring plugs into the PC’s parallel port, and an Electronic Key plugs into the Keyring. 
By following the examples provided on disk, the user programs the Electronic Key 
with critical information from an application program, so that without the key, the 
program won't run. Copies of the master Electronic Key can be made with one 
keystroke. The kit costs $60, and additional Electronic Keys sell for $7; extra Keyrings 
cost $22.25 (100).—J D Mosley 


TAPE AUTOMATED BONDING NOW AVAILABLE FOR SMD CHIPS 


You can now gain the high yield and rapid throughput of tape-automated-bonding 
(TAB) technology for your surface-mount devices with the TAB lead-frame tape from 
5M (Austin, TX, (512) 8354-6680). The tape is 8 mils thick at the outer leads for rigid at- 
tachment at the board level, but the inner leads are 2 mils thick to accommodate at- 
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tachment to the thinner die leads. The company’s photolithographic process facilitates 
tooling, and you can select from a number of plating metals for the copper leads. 
Prices depend upon your lead count and application.—_J D Mosley 


IC PROVIDES FAST, 12-BIT, 4-CHANNEL T/H FUNCTION 


The CSC31412 is a monolithic track/hold IC from Crystal Semiconductor (Austin, TX, 
(512) 445-7228). It furnishes a l-usec acquisition time with 0.5-nsec aperture jitter. 
Suitable for use as the front end for an A/D converter, the CSC31412 includes four T/H 
amplifiers with 12-bit accuracy, on-chip hold capacitors, an output multiplexer, two 
output buffer amplifiers, and a wP interface. This chip offers a 700-yV total unadjusted 
error to within % LSB. The CSC31412 costs $50 (100).—dJ D Mosley 


80386 BOARD FOR PC/XTs, PC/ATs SPEEDS LISP DEVELOPMENT 


The 386 HummingBoard from Gold Hill Computers (Cambridge, MA, (617) 498-2071) 
is an 80386-based board that plugs into any IBM PC/XT, PC/AT, or compatible com- 
puter to offer artifical-intelligence application developers the performance of a 
dedicated Lisp workstation. The board comes with the Gold Common Lisp 586 
development-system software for $1195. The software/hardware combination lets you 
address as much as 15M bytes of memory, and it includes a large memory interpreter 
and compiler, editor, tutorial, and on-line help system. Running five times faster than 
the company’s 286 Lisp Developer, the new system supports lexical scoping, Lisp 
packages, and transcendental functions. Shipments are scheduled to start in the 
fourth quarter.—d D Mosley 


HARRIS UNVEILS GaAs HYBRID MONOLITHIC MICROWAVE ICs 


Operating in the 6- to 18-GHz band, the HMM-11810-0 GaAs monolithic microwave IC 
amplifier from Harris Microwave Semiconductor (Milpitas, CA, (408) 262-2888) is sup- 
plied in die form for hybrid-circuit applications requiring 5 dB of small-signal 
amplification. Fabricated with the company’s 0.5-um GaAs process, the part features 
on-chip dce-blocking capacitors to reduce hybrid-circuit fabrication costs, simplify 
designs, increase reliability, and maintain typical supply currents at 185 mA. Delivery 
time for the HMM-11810-0 is six weeks ARO; it costs $195 (100).—Denny Cormier 


KIT EASES DESIGN OF BIT-MAPPED GRAPHICS SYSTEMS 


If you design bit-mapped graphics systems, you might be interested in the $99 
TMS340GDK graphics design kit from Texas Instruments (Dallas, TX, (800) 2528-5200, 
ext 700). This kit includes a video system controller, a color-palette IC, a 64kx4-bit 
video RAM in a leaded SIP, a 4-bit bidirectional universal shift register, and a 68-pin 
plastic leaded chip carrier socket for the video system controller. The kit also includes 
user guides, data sheets, and application notes.—J D Mosley 


NONMULTIPLEXED LCD DRIVER INCREASES DISPLAY LEGIBILITY 


Because the MC145453 LCD driver from Motorola (Austin, TX, (512) 928-6880) 
doesn’t require you to multiplex its 33 segment-driver outputs, your displays will pro- 
duce wider viewing angles and higher contrast for increased legibiltiy. This CMOS IC 
consists of a 36-stage shift register, 33 latches, and output buffers that can drive as 
many as 35 LCD segments or dots. Segment drive current is 20 nA; operating voltage 
can vary from 3 to 10V. The IC operates over —40 to +85°C. The MC145453 is available 
either in a plastic DIP for $3.57 or in a plastic leaded chip carrier package for $4.64 
(500).—J D Mosley 
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TRW LSI 


now offers you 
a second source 
for the Weitek 


WTL1032/1033... 
at a lower price! 


Until now, there has been only one source for these 
32-bit floating point multipliers and ALUs. Now 
there is a second source—and it’s even better! 


TRW’s new TMC3032 multiplier and TMC3033 
ALU are your ideal alternatives to the WTL1032 
and WTL1033. Pin and function compatible 
with the Weitek devices. 1/2-watt CMOS rather 
than 2-watt NMOS. And both have a throughput 
capability of 10 Megaflops. 


The TMC3032 andTMC3033 are packaged in 
64-pin DIPs and conform to IEEE 754. 


Price (in 1000s) is only $95 per chip. And— 
immediately available. 


So for an alternative to what has been— until 
now—a single source, turn to TRW LSI Products 
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Division for an even better, and lower priced, 
second source. You can order these new devices 
now by contacting your local TRW Sales Office 
or distributor. The TMC3032J3C and TMC- 
3033J3C are in stock at Arrow Electronics, 
Hall-Mark and Hamilton/Avnet. 


Remember, you always get 
FULL SPEC PERFORMANCE 
from TRW LSI. 


For a data sheet or for super-fast information, 


call or write our Literature Service Department: 


LSI Products Division, 

TRW Electronic Components Group, 
PO. Box 2472, La Jolla, CA 92038, 
619.457.1000 


In Europe, call or write: 

TRW LSI Products, 

Konrad-Celtis- Strasse 81, 

8000 Muenchen 70, W. Germany, 089.7103.115 


In the Orient, phone: 
Hong Kong, 3.856199; 
Tokyo, 03.461.5121; Taipei, 751.2062 


©TRW Inc. 1986 -TRS-6100 


wit Pe | 
LSI Products Division 
TRW Electronic Components Group 


NEWS BREAKS: INTERNATIONAL 


BY PETER HAROLD 


VME BACKPLANES OVERCOME BUS-BUSY SIGNAL GLITCHES 


Enhancements to the VME Bus Jl backplanes manufactured by BICC-Vero Elec- 
tronics Ltd (Southampton, UK, TLX 477984) prevent glitches from appearing on the 
bus-busy (BBSY*) signal line. The glitches, noted by several system integrators who 
use conventional VME Bus backplanes in large systems, result from crosstalk between 
the data-transfer-bus (DTB) line and the bus-busy line. If this crosstalk coincides with 
a local shift in ground-plane voltage at the bus-busy line driver, the combined effect 
can cause the bus-busy signal to cross a TTL threshold at its receiver end, in turn 
causing premature release and reallocation of the DTB line. 


To overcome this problem, BICC-Vero has rerouted the bus-busy signal, effectively 
burying it in the backplane’s ground plane. Additional enhancements to the 
backplanes include the provision for alternative power connectors, additional power- 
rail decoupling, and onboard termination networks. Prices for the new backplanes 
range from £45.10 for a 2-slot backplane to £388.48 for a 2l-slot version. 


DSO MATCHES 100-MHz ANALOG SCOPE PERFORMANCE 


The Model 4070 digital storage oscilloscope (DSO) from Gould Electronics’ Instru- 
ment Systems Div (Hainault, UK, TLX 263785) features 400M-sample/sec, 8-bit 
digitizers and 1k-sample memories for each input channel, allowing it to capture tran- 
sient or repetitive signals that have a bandwidth as high as 100 MHz. Selectable linear 
or sine interpolation allows you to optimize the DSO for examining square-pulse or 
sine-related input signals. The DSO has main and delayed timebases; you set delayed 
timebase control by time or by number of events. 


An optional remote keypad allows you to control signal capture or to perform 
poststorage processing, including waveform analysis and measurement functions. An 
integral 4-color plotter produces fully annotated waveform plots. For ATE applications, 
you can remotely control the scope and interrogate measurements via IEEE-488 and 
RS-423 interfaces. A 2-channel version of the scope, priced at £7750, is available. A 
4-channel version, priced at approximately £9500, is scheduled for release in the first 
quarter of 1987. 


CVSD CODECS ENABLE VOICE COMMUNICATION AND STORAGE 


Two continuously variable slope delta-modulation (CVSD) codecs from Consumer 
Microcircuits Ltd (Witham, UK, TLX 99388) allow you to implement a full-duplex, 
digitally encoded voice channel, or to store and retrieve voice information from digital 
memory. The FX609 codec performs A/D and D/A conversion of the transmitted and > 
received voice information, respectively, and includes on-chip input and output audio 
filters. You can choose a 16k-, 38k-, or 64k-bps sampling rate and select a 5- or 4-bit 
companding algorithm. 


The encoder section of the FX709 converts an analog audio input into 8-bit CVSD- 
encoded words for storage in byte-wide memory—a function required for voice mailbox 
systems. The decoder section reconverts the stored bytes into an audio output. You can 
operate the encoder and decoder sections simultaneously, and a »P interface allows 
you to control the voice-storage and -retrieval process. Both the FX609 and the FX709 
are 5V CMOS devices. They cost approximately £6 and £10 (1000), respectively. 
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The Acquisition. 

With sweep speeds from days to nanoseconds and 
resolution up to 15 bits, the 4094 digital ’scope can capture 
the most elusive signals. Every plug-in has 16K of memory, 
viewable trigger set-up and independent pre- or post-trigger 
delay on each channel. Signal averaging is standard and our 
latest 10 MHz/12-bit plug-in even 
offers real time manipulation of 
the incoming signals. With two 
plug-ins the 4094 can record four 
channels simultaneously. Or even 
monitor two slow signals and capture high speed glitches 
at the same time. All under computer control or via manual 
operation: whatever your application demands. 


The Analysis. 

Expand and examine any waveform feature in detail. Use 
the dual cursors and numerics to measure the time or voltage 
of any point. Compare live or stored waveforms with each 
other or with pre-recorded references. Store signals on disk 
manually or automatically. Use pushbutton programs to 
manipulate the data or send it to your computer via GPIB 
or RS232 interface. Complete your report with a hardcopy 
plot using the XY/YT recorder or digital plotter outputs. 


First Time, Everytime. 

Don’t miss important data because of set-up errors. From 
the World’s first in 1973 to the latest models, Nicolet ’scopes 
are easy to use. Find out how they can be the quickest 
solution to your signal problems. For more information call 
608/273-5008, or write Nicolet Test Instruments Division, 
P.O. Box 4288, 5225 Verona Road, Madison, WI 53711-0288. 


cz Nicolet 
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from 


(1-49) 


one-piece design defies rough handling 


Check these features: 


Y Each unit undergoes high-impact shock test 
V Available from 1 to 40 dB 

Y DC to 1500 MHz 

VY Unexcelled temperature stability, .002 dB/°C 
VY 2W max. input power (SMA is 0.5W) 

Y BNC, SMA, N and TNC models 


VY Immediate delivery, 1-yr. guarantee 


Precision 50-ohm terminations ... only $6.95 (1-24) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (model TTRM-50) 

SMA (model STRM-50), N (model NTRM-50) 


A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 


‘C92 REV. B 
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*Freq. 
(MHz) 


DC-1500 MHz 
*DC-1000 MHz (all 75 ohm or 30 dB models) 


Atten. Tol. 
(Typ.) 


MODEL AVAILABILITY 
Model no. =a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series, 3 dB attenuation. 

@ denotes 75 ohms; add —75 to model no. 


ATTEN 


b} 
2 
3 
4 
5 
6 
7 
8 
9 
10 
12 
15 
20 
30 
40 


@ denotes 50 ohms 


SAT (SMA) CAT (BNC) 


Atten. Change, (Typ.) 
over Freq. Range 


VSWR (Max.) 


1000-1500 MHz 
1 


DC-500 MHz (all 40 dB models) 


NAT (N) TAT (TNC) 


PRICING (1-49 qty.): CAT (BNC)..$11.95, SAT (SMA)..$14.95 
TAT (TNC)..$12.95, NAT (N)..$15.95 


« 
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transformers 


3 KHz-800 MHz 
over 50 off-the-shelf models 


from $299 


Choose impedance ratios from 1:1 up to 36:1, 

connector or pin versions (plastic or metal case built 

to meet MIL-T-21038 and MIL-T-55831 requirements*). 
Fast risetime and low droop for pulse applications; 

up to 1000M ohms (insulation resistance) and up to 1000V 
(dielectric withstanding voltage). Available for 

immediate delivery with one-year guarantee. 


Call or write for 64-page catalog or see our Catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 


“units are not QPL listed 


computer-automated 
performance data 


A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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One reason Sharp components are found 
in so many different products is that there are 
so many different Sharp components. Over 
2000, in fact. 

And if we don’t already have exactly 
what you need, well work with you to cus- 
tom-design it. 


Of course, the quality of our component: 
has a lot to do with our success. You don’ get 
to be one of the world’s leading component 
suppliers unless your products help your 
customer's products earn a reputation for 
reliability. 

And you don’t keep growing in today’s 


Is there a computer in your office? Opto: Sharp is one of the largest manufac- 
Then chances are you know our __ turers of photocouplers, photointerrupters 
components, since a number of solid-state relays, rotary encoders and pho 
major computer manufacturers todiodes. 


use them. 


Do you have a calculator or two? Did Sharp 
make them? Not surprising. We make more 
than anyone else—out of Sharp compo- 
nents, of course. 


LCD display: We can make 20 million units 
per month—supertwisted, high contrast, 
backlit and standard TN-FEM. 


CMOS technology: Tried and proven through ¥ 
millions of calculator chips. Ai 


TAB packaging: The smallest, thinnest packag- j 
ing possible. 


EL display: We're the #1 manufacturer of 
what many people consider the most visu- 
ally pleasing flat panel display. 


See 


market unless you have the technological ad- in your area who can answer your questions 
ances the market’s asking for. about Sharp components. 
Put all of this together with competitive Well, we've solved that little problem. 
pricing and a production capacity that lets us Just check the list below. 
pet your orders to you on time, and you might eah-i ARP 
onder why you've never called on us before. FROM SHARP MINDS . 
Maybe you just didn’t know the people COME SHARP PRODUCTS” 


A SONS FOR 
RE PROBABL 


Memory: DRAM, SRAM, ROM, EPROM 
and OTP ROM. And all in CMOS! 


A SIC: Our standard cell series is compatible to 
our gate array series. 


— ean 


icroprocessor: We're the only supplier of single-chip 
CMOS Z8 microprocessors. We can supply V20/V 30 series, 
Z8000 and Z80 families, too. 


lex PCB: Ours are used in almost every camera made in Japan. 
See any computer printers around? Ever wonder ~ 


where some of their components might have come 
from? Would you like us to draw you a picture? 


Thick-film hybrid IC: We can make 300,000 per month. 


Standard logic: 74HC and HCT series? Display drivers for LCD, | 
EL, LED and VFD? Sharp’s the logical source. S\ 


Laser diode: We produce over 800,000 every month, making us the #1 supplier in the world. 


Linear IC: From Sharp minds come Sharp linear op amps, comparators, flash A/D converters 
and switching regulators. 


Call one of our experienced sales representatives or distributors for more information. 


Sales Representatives: Alabama: Hughes Associates (205) 533-9108** Arkansas: Impaq Sales Co. (214) 929-8539 California (Southern): 
Plustronics (714) 476-3619 (818) 995-8908 California (Northern): Quorum Technical Sales (408) 980-0812 Connecticut: Digital Sales 
Associates* (203) 248-3641 The Orion Group (203) 621-8371 Florida: Lawrence Associates (305) 368-7373 (305) 339-3855 (305) 
724-8294 (813) 584-8110 Georgia: Hughes Assoc.** (404) 622-1587 (912) 477-1889 Idaho: Blair Hirsh Co. (503) 641-1875 Illinois (Southern): 
Baka Corp. (314) 878-4224 Indiana: SAI Marketing Corp. (317) 241-9276 Iowa: Baka Corp. (314) 878-4224 Kansas: Baka Corp. (316) 
682-8411 Louisiana: Impaq Sales Co. (214) 829-9539 Maine: Alpha-Omega Sales Group** (617) 933-0237 Digital Sales Assoc.* (617) 
480-0516 Massachusetts: Alpha-Omega Sales Group** (617) 933-0237 Digital Sales Assoc.** (617) 480-0516 Michigan: SAI Marketing 
Corp. (313) 227-1786 Mississippi: Hughes Assoc.** (601) 287-2915 Missouri: Baka Corp. (314) 878-4224 Nevada (Northern): Quorum 
Technical Sales (408) 980-0812 Nebraska: Baka Corp. (913) 383-3295 New Hampshire: Alpha-Omega Sales Group** (617) 933-0237 
New Jersey (Northern): and New York (Southern): Cooper-Simon (516) 489-0404 New York State: NHA (716) 586-9002 North 
Carolina: Hughes Assoc.** (919) 467-7029 Ohio: SAI Marketing Corp. (216) 751-3633 (513) 435-3181 (614) 876-8650 Oklahoma: Impaq 
Sales Co. (214) 929-8539 Oregon: Blair Hirsh Co. (503) 641-1875 Pennsylvania (Western): SAI Marketing Corp. (412) 261-0482 
Pennsylvania (Eastern): QED (215) 643-9200 Rhode Island: Alpha-Omega Sales Group** (617) 933-0237 Digital Sales Assoc.* (617) 
480-0516 South Carolina: Hughes Assoc. (919) 467-7029 Tennessee: Hughes Assoc.** (615) 587-2433 (615) 871-0906 Texas: Impaq 

Sales Co. (214) 929-8539 (512) 331-1649 Vermont: Alpha-Omega Sales Group** (617) 933-0237 Digital Sales Assoc.* (617) 480-0516 
Washington: Blair Hirsh Co. (206) 774-8151 West Virginia: SAI Marketing Corp. (313) 227-1786 


Distributors: Diplomat Electronics Corporation 0 Added Value Electronics Fi Space Electronics 1 Western Micro Technology 1 Hycom 


*LCD, LED Displays and Laser Diodes **IC and Optoelectronics © 1986 Sharp Electronics Corp. 
Sharp Electronics Corp., Sharp Plaza, Mahwah, N.J. 07430 (201) 529-8757. 
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ié the blending of innovative concepts and advanced 


~ engineering design, to create the ultimate intouch ~ 
screen technology 2: offering seven (7) standard sizes 
(from 5" to 13"), as well as customs of virtually any size 
3: continuous resolution with excellent linearity over 
the full scale @: the flexibility of providing custom 
designs quickly, at little more than the cost of standards 
2¢ available as screens alone, screens with controllers 
or the Prototouch I Kit 


PRO-TO*TOUCH.1 KIT 


Z: the beginning of your next gen- 
eration of products 2: contains two 
(2) touch screens, one (1) controller, 
connecting hardware and applica- 
tions software 3: get started today 
..-Call (619) 268-8555 for more 
information 


KENNEDY TOUCH SCREENS 


A product of Bccneor TECHNOLOGY, INC. 


4830 Viewridge Avenue * San Diego, CA 92123 « (619) 268-8555 * TWX: 4994941 KTECH 
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E DONT KEEP 


The never ending race for high computing power makes people 
often forget the importance of memory boards. 


They even talk about jelly-beans when memories are meant. 
How would you feel about receiving jelly-beans instead of real 
data? 


TO MEMORIZE We at FORCE Computers believe that memory boards are as 
| important as Processors, Controllers or I/O Boards, and that’s 

: why we have developed the most comprehensive VMEbus me- 

AND RE C ALL YOUR mory product line in the industry. Ten (10) different memory 


boards in over twenty (20) configurations. Sixteen and thirty-two 
1 6 AND 3 Wg BIT D AT A (16 & 32) Bit wide. Dynamic or Static. NMOS or CMOS. Byte 
) , , parity or error detection and correction (EDC). PROM, EPROM, 
EEPROM or SRAM with battery back-up VME and VMxX. All 
available. Today. 


BS ? 


YOU WAITING! 
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Memory Boards 


An COR eB nsscoclin 


Ne 


Se a os ee 


Write/Read 
(nsec) 


190/300 Parity ye 
2MB- 190/300 — Parity a 


128KB 160/160 Bat. Backup ® 
512KB 160/160 Bat. Backup | 
128KBto1MB 300/300 RAM/ROM XT r 
y » [ the intelligent choice 


Write/Read 
(nsec) 


DRAM-E3M/S 1 to 7MB 70/250 Parity pty 
DRAM-E4M/S Ato 28MB 70/250 Parity FORCE COMPUTERS INC. : 727 University Avenue : LOS GATOS, CA 95030 


Ph 408) 354-3410 - Telex 172 465 : Telefax (408) 395-7718 
DRAM-5 2or4MB 140/270 EDC isd, elex elefax (408) 


SRAM-3 1MB 80/220 Bat. Backup FORCE erga GMBH - Daimlerstrabe 9 -D-8012 Ottobrunn 
RR-2 256KB to 2MB 80/220 RAM/ROM Tel. (089) 600 91-0 - Telex 524 190 forc-d : Telefax (0 89) 6097793 


Features 


Capacity Features 
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———— ; FORCE COMPUTERS FRANCE : SARL - 11, Rue Casteja - F-92100 Boulogne 
Don’t wait. Call our sales team for information, detailed docu- _ Telefon (1) 46 20 37 37 - Telex 206 304 forc-f : Telefax (1) 46 213519 


mentation and prices, toll free at 1-800 BEST VME. In California FORCE COMPUTERS (UK) LTD. - No 1 Holly Court 3 Tring Road : Wendover 
1-800-237-8862. Buckinghamshire HP 22 6NR: Phone (0296) 625456 
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OP AMPS 


INDUSTRY’S LARGEST’ SELECTION 
FAST DELIVERY ON ALL13MODELS - 


HIGH VOLTAGE 
+150V 40mA 
Slew Rate: 200V/us Hi 


HIGH CURRENT 
+50V 15A 
MIL Temp. Range 


CALL OUR 


| APPLICATION HOTLINE. | 


(800) 421 -1865 — 


FOR OUR NEW 96-PG. ” : 


a POWER OP AMP . 
'" HANDBOOK > 


| tech © | 
« DEDICATED TO EXCELLENCE , 
, APEX MICROTECHNOLOGY CORP. 
“ 5980 N. Shannon, Tucson, AZ 85741 USA 


France (6)907.08.24 | BRD(06152)6003 
~ Nippon (03) 244-3511 UK (01)979 0123 
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SIGNALS & NOISE 


Engineers concerned about 
professional recognition 


Dear Editor: 
In Great Britain, the professional 
debate on the status and remunera- 
tion of engineers has been going on 
for years now. We are constantly 
being told that engineers in other 
countries, particularly West Germa- 
ny and the United States, enjoy 
higher status, so it is interesting to 
read that, in the USA at least, engi- 
neers seem to be just as concerned 
about professional recognition. 
Your editorial on the Money 
Stream Theory (EDN, June 12, pg 
51) presented a very convincing ar- 
gument that engineers are destined 
for only moderate financial success 
and prestige. Still, the American 
phenomenon of start-up companies 
is a shining example of how engi- 
neers can capitalize on their knowl- 
edge and move closer to the money 
stream. The Silicon Valley startups 
are an inspiration indeed, but few 
engineers are willing or able to take 
this sort of risk to better them- 
selves. 
Sincerely yours, 
Michael J Bosman 
Sandbach, Cheshire, England 


Annunciator circuit 
can’t speak 


Dear Editor: 

Apparently, Charles Mitchell hasn’t 
tested the circuit he offered in his 
article “Annunciator gives audible 
pulse count,” which appeared in the 
Design Ideas section of EDN’s June 
12 issue (pg 209). The circuit will 
not, as promised, deliver “a voice 
report on the total count (nine or 
less).” Not in any terrestrial lan- 
guage, at least. 

The SPO256 speech processor is 
allophone based. An allophone is a 
unit of speech that corresponds to 
the position of a phoneme in a word. 
Mr Mitchell’s device will, at best, 
speak Yiddish at the count of 5 (it 
will say “oy”). Counts 0 through 4 


are various durations of silence, 6 
will sound like “ay,” and 7 through 
9 can’t be pronounced without 
spitting. 

Each of the 64 addresses in the 
internal ROM of the SPO256 ac- 
cesses a different allophone. Words 
are built by sequentially selecting 
addresses corresponding to the de- 
sired allophones. For example, it 
takes the sequential selection of al- 
lophones at addresses O0BH, 18H, 
06, and OBH for this chip to pro- 
nounce the word “nine.” A typical 
application requires that this chip 
be driven by a microprocessor. 
Sincerely yours, 

Alan M Taren 
Leeds & Northrup Co 
North Wales, PA 


Corrections 


The article “Optical disk drives ex- 
pand workstation capacities” (EDN, 
December 26, 1985, pg 34) con- 
tained an incorrect phone number 
for Laserdrive Ltd. The correct 
phone number is (408) 970-3600. 

In the products section of the 
article “Electro/86” (EDN, May 1, 
pg 123), the ML4100B logic analyzer 
(from Arium Corp) mentioned on pg 
140 is now called the ML4100CL,; it 
costs $2995. Further, the article in- 
correctly states that the analyzer’s 
32-bit logic pod can apply control 
signals to the target machine. In 
fact, the pod is passive and cannot 
apply signals to the system under 
test. 


YOUR TURN 


EDN’s Signals and Noise column pro- 
vides a forum for readers to express 
their opinions on issues raised in the 
magazine’s articles or on any topic that 
affects the engineering industry. Send 


your letters to the Signals and Noise 
Editor, 275 Washington St, Newton, 
MA 02158. We welcome all comments, 
pro or con. All letters must be signed, 
but we will withhold your name upon 
request. We reserve the right to edit let- 
ters for space and clarity. 
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PRAGI | i Sprague takes the price/performance lead with Type 238D Tantalex® capacitors. 
This new tantalum-based metal-case capacitor features exceptional CV efficiency and 
a I-volt reverse capability at +85°C. Reliable 
T T operation and high performance are achieved 
through rugged construction, a 
>RICE/ PERFORMANCE Sessa 
use of the tantalum-based metal 


case, which eliminates metal migration. Type 238D tantalum capacitors are manufactured to meet 
[ the requirements of MIL-C-39006/26. Mil-qualified units (CLR75) are available. Standard ratings 
range from 2200 uF at 6 WVDC to 39 uF at 150 WVDC. For Data Sheet 3706, write to 
Technical Literature Service, Sprague Electric Company, 41 Hampden Rd., P.O. Box 9102, 
Mansfield, MA. 02048-9102. 
Sprague Electric Company, a Penn Central unit. Tantalum Capacitor Operations, North 
ca, MA. eae ies sulci ame peeneont MA. CIRCLE NO 80 


Copyright © 1986, Tektronix, Inc. All rights reserved. PMA-701 
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Pin compatible with 

standard (non-isolated) 
TO-218—reduces 
assembly costs 
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#1 INA NEW SERIES {M OF ADVANCED POWER PRODUCTS. 


4000 V isolation 
High-Voltage TO-218 


JEDEC registered 
(2N7056, 2N7059) 


Automated high volume 
assembly assures quality 


Second source 
already in place 


Half the price of 
non-isolated TO-218's 


SILICONIX INTRODUCES A NEW LOW IN MOSPOWER-6 HIGH VOLTAGE COST ADVANCES. 
MOSPOWER. 


MOSPOWER-6,” the new generation of MOSPOWER 
made possible by our 6” Class 1 wafer fab line, has 
inherent cost, performance, and reliability advantages. 

Case in point: our new electrically-isolated, TO-218 
plastic package (2N7056, 2N7059), guarantees 4000 V 
isolation. High yields from our 6” fab have enabled us 
to drop the price to half of what you'd pay for a con- 
ventional TO-218 package. + 

But low price is only half the story here. Our new 
ISOWATT218* packaging reduces board mounting and << 
assembly costs by as much as 40%. a nee 

And the inherent cleanliness of our Class 1 fab 
line means built-in reliability. APPROXIMATE KPC MARKET PRICE 
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For more information or product literature call: 1 (800) 554-5565, Ext. 906. To place an order call our local sales offices. Central U.S.: Illinois 312/960-0106, Ohio 216/835-4470, 
Texas 214/385-4046, Northwest U.S.: Calif. 408/988-8000, Colorado 303/771-6886, Eastern U.S.: Connecticut 203/431-3535, Mass. 617/890-7180, Florida 305/831-3644, 
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HOW LOW 
WE GET? 


SILICONIX INTRODUCES NEW HIGHS effective MOSPOWER-6 parts that are going to change 
IN SERVICE AND SUPPORT. the way you handle power. 

Get the lateston MOSPOWERin | ee What's next? How about other isolated TO-218 
our MOSPOWER Applications Hand- | Products? Or a chip with ON-resistance so low it’s 
book. You can also get your almost not there at all? 

MOSPOWER Computer Data Book. ’ Stay tuned for the next generation. 
It's on a floppy disk and runs on A GENERATION AHEAD 
IBM or compatible PCs. IN MOSPOWER. 


Call our toll-free Hot line for 
8 Siliconix 


your personal MOSPOWER design 
package. And once you're ready with your 


design, call your local Siliconix sales office for an incorporated 
evaluation sample. 2201 Laurelwood Road 

The isolated TO-218 is just the first in a series of Santa Clara, CA 95054 
technically superior, exceptionally reliable, cost- 1 (800) 554-5565, Ext. 906 


Southwest U.S.: Calif. 714/544-8378, U.K.: (0635) 30905, W. Germany: (0711) 702066/089-611-4091, France: (1) 43.77.07.87, Scandinavia: (0) 8 795 93 90, Italy: (02) 473661, 4228026, 
Hong Kong: 3-427151, Japan (03) 506-3470. © 1986 Siliconix, incorporated. MOSPOWER-6 is a trademark of Siliconix, inc. *ISOWATT218 is a trademark of SGS Semiconductor Corp. 
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Let Lab Boss’ turn 
your IBM PC into a powerful 
instrument controller. 


ou can spend thousands of dollars that are the highest in the industry. 


for a dedicated instrument controller. 
Or a few hundred for a controller 
that’s dedicated to you and your IBM PC. 
Lab Boss™ from National Instru- 


ments puts you and your IBM PC (or - you can easily report your findings on 
compatible) firmly in charge of GPIB the same system you used for 


instruments. From sophisticated lab- 
oratory equipment, like digitizing 
oscilloscopes and spectrometers, 


to standard printers, plotters, 
tape drives and more. 
At data transfer speeds 


on a dedicated controller! 
So — you want to be the 
boss? Call National Instru- 
ments. 800/531-4742. 


Y NATIONAL 
INSTRUMENTS 


12109 Technology Blvd. 
Austin, TX 78727 512/250-9119 


CIRCLE NO 12 


And Lab Boss products offer a direct 
data link from your measuring equipment 
to a full range of analysis software, includ- 
ing RS/1, Lotus 1-2-3, and Symphony. So 


instrument control, data acqui- 
sition and analysis. Try that 


CALENDAR 


Modern Electronic Packaging, 
Santa Clara, CA. Technology Semi- 
nars, Box 487, Lutherville, MD 
21098. (801) 269-4102. September 9 
to 11. 7 


International Videotex Industry 
Exposition and Conference, New 
York, NY. Videotex Industry Asso- 
ciation, 1901 N Fort Myer Dr, Suite 
200, Rosslyn, VA 22209. (703) 522- 
0883. September 15 to 17. 


Printed Wiring Board Assemblies 
—Processes, Techniques, and 
Equipment (short course), Milwau- 
kee, WI. Peter Tocups, Center for 
Continuing Engineering Education, 
University of Wisconsin-Milwau- 
kee, 929 N 6th St, Milwaukee, WI 
53208. (414) 224-8952. September 15 
to 17. 


Euromicro ’86 (Symposium on Mi- 
croprocessing and Microprogram- 
ming), Venice, Italy. Euromicro, 
Box 217, 7500 AE Enschede, The 
Netherlands. (81) (53) 338799. Sep- 
tember 15 to 18. 


Modern Power Conversion Design 
Techniques (short course), Santa 
Clara, CA. E/J Bloom Associates, 
115 Duran Dr, San Rafael, CA 
94903. (415) 492-8443. September 15 
to 19. . 


5th Annual Conference of the 
American Voice I/O Society, Alex- 
andria, VA. American Voice I/O So- 
ciety, Box 60940, Palo Alto, CA 
94306. (408) 742-2539. September 16 
to 18. 


Fall National Design Engineering 
Show and Conference, New York, 
NY. Cahners Exposition Group, 999 
Summer St, Stamford, CT 06905. 
(203) 964-0000. September 16 to 18. 


Semicon/East ’86, Boston, MA. 
Semiconductor Equipment and Ma- 
terials Institute, 625 Ellis St, Suite 
212, Mountain View, CA 94043. 
(415) 964-5111. September 16 to 18. 
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HOAX? 


There are two kinds of in-circuit 
emulators. Those that test in real 
time. And those that claim to. 

So how can you tell the difference? 

Try looking closer. 

Take a typical 16-bit application, 
for instance. A PC-based emulator 
(with its multiplexed 8-bit data bus) 
has to transfer 32-bits of data serially. 
And that can cause unnecessary 
wait states. 


While Sophia Systems’ stand-alone 
emulators execute 32-bits of data 
without wait states. 

So you can test in real time all the 
time. 

Of course,we support popular 
microprocessors from Motorola, 
Intel, Zilog, NEC, Hitachi and more. 

All in real time. 

So for.a demonstration or more 
information about Sophia Systems in- 


Sophia 


MICROPROCESSOR DEVELOPM 
SYSTEMS & IN-CIRCUIT EMULATO 


circuit emulators, call 800/824-9294. 
In California, call 800/824-6706. 


Because if you're not testing in real 


time, you're not really testing. 
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U.S. & European Headquarters: Sophia Computer Systems, Inc., 3337 Kifer Road, Santa Clara, CA 95051. Corporate Headquarters: Japan, Sophia Systems Co., Ltd. NS Bldg. 2-4-1, Nishishinjuku, Shinjuki-ku, Tokyo 160. 03-348-700. 
© 1986, Sophia Computer Systems. Sophia Systems is a trademark of Sophia Computer Systems, Inc. 
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20A/200W 
NPN/PNP 


POWER 
TRANSISTORS 


e High Collector Emitter 
Sustaining Voltage 

e High DC Current Gain 

e Low Collector Emitter 
Saturation Voltage 

e Fast Switching Times 

To help meet your high power needs, we’re introducing a 

new series of complementary NPN/PNP silicon devices 

which offer increased current ratings and outstanding 

reliability. Typical characteristics of these 25 Amp power 

transistors include: 


NPN PNP 


100V (SDT6338) 
120V (SDT6339) 
140V (SDT6340) 
150V (SDT6341) 
hee=30— 100 @ Ic =10A 
Npe=12 (Min) @ Ic=25A 
Voge (Sat)=1.0V (Max) @ Ic =10A 
TYPICAL SWITCHING @ Ic =10A 
tr = 0.3 ps (Max) 
tg = 1.0 ws (Max) 
tf = 0.25 us (Max) 
Solitron’s new 200 Watt complementary devices are 


designed for motor controls, high current amplifiers and 
Switching circuit applications. 


80V (SDT6436) 
100V (SDT6437) 
120V (SDT6438) 


VCEO= VcEO= 


For complete information, contact our Sales Department 
toll-free 1-800-327-8462. 


Eyolitron 


DEVICES, INC. 


1177 Blue Heron Blvd. 
Riviera Beach, Florida 33404 
(305) 848. 4311/TWx: (510) 952-7610/TELEX: 51-3435 
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COMPLEMENTARY 


CALENDAR 


Sensors Expo, Chicago, IL. 
Expocon Management Associates, 
3695 Post Rd, Southport, CT 06490. 
(208) 259-5734. September 17 to 19. 


IBM PC Microcomputer Interfac- 
ing, Scientific Instrument Auto- 
mation, and Control, Charlotte, 
NC. Center for Continuing Educa- 
tion, Virginia Tech, Blacksburg, VA 
24061. (703) 961-5182. September 18 
to 20. 


12th European Conference on Op- 
tical Communication, Barcelona, 
Spain. Central de Congresos, SA, 
Avda General Peron, 26, 28020 Ma- 
drid, Spain. (34) (1) 4551088. Sep- 
tember 22 to 25. 


Ultratech ’86, Long Beach, CA. So- 
ciety of Manufacturing Engineers, 
Box 930, Dearborn, MI 48121. (313) 
271-0023. September 22 to 25. 


Analog Applications Seminar, Los 
Angeles, CA. Precision Monolithics, 
1500 Space Park Dr, Santa Clara, 
CA 95054. (800) 848-1515; in CA, 
(800) 826-9664. September 23. 


Nepcon Southwest, Dallas, TX. 
Cahners Exposition Group, Box 
5060, Des Plaines, IL 60017. (812) 
299-9311. September 23 to 24. 


Artificial Intelligence and Ad- 
vanced Computer Technology 
Conference and  Exhibition/ 
Europa ’86, Wiesbaden, West Ger- 
many. TCM Expositions, Exchange 
House, 383 Station Rd, Liphook, 
Hants GU30 7DN, UK. (44) 0428- 
724660. In the US, Tower Confer- 
ence Management, 331 W Wesley 
St, Wheaton, IL 60187. (812) 668- 
8100. September 23 to 25. 


Canadian High Technology Show, 
Toronto, Ontario. Canadian High 
Technology Week, 2487 Kaladar 
Ave, Suite 214, Ottawa, Ontario, 
K1V 8B9. (618) 781-9850. Septem- 
ber 28 to 25. 


EDN September 4, 1986 


owertOne Has Good News 
Great News 
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TheGreat News _ 
is What You Get 
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Site veeeeed 


power one 


deeatience Piro he 2ars 
And why maximum maliebily is 
- virally synonymous with e ery 
_ power supply we produce. after time. And at = re 
Our modern production tech- | the most competitive in the industr 
niques, combined with the latest = = Soletour good news and gre< 
oe and manufacturing inno- ——- news add up tothe best news of allfor — 
vations, have resulted inaline | | you — the absolute certainty that = 7A 
_ of power supplies of the highest when you specify POWER-ONE, ne = (605) 9BZB741. 


Sccabie quality. Anything pe is» youveselectedthe best! = = =  =—s_—sOT WX: 910-336-1297 « + FAX; 


Faster test and burn-in 
with AMP sockets 


Faster delivery from AMP 


Our LIF burn-in sockets for 
PLCCs, for instance. Rated to 
200°C, they offer J lead-down 
loading — and they can be used in 
automated processes. 

For PGA burn-in sockets, our 
ZIF styles feature normally- 
closed contacts for long life, and 
curved-handle design to make life 
easier. Use them for test and 


they’re rated to a phenomenal 
25,000 cycles. Loading and 


Broad range of 
inexpensive test 
sockets, and 
sockets for high- , 
cycle and 150°C 
environments. — 


unloading leadless ceramic 
packages is a breeze, too, thanks 
to a press-to-release cover on our 
Low Height test/burn-in versions: 
no tools necessary, no loose parts. 
No matter what technology 
you work with, AMP sockets can 
make your work easier. Popular 
styles are available off-the-shelf. 


AMP is a trademark of AMP Incorporated. 


And they all come with the 
name that spells affordable 
dependability: AMP. 

Call (717) 780-4400. Ask for 
the Test/Burn-In Sockets Desk. 


AMP Incorporated, Harrisburg, 
PA 17105-3608. 
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AAINIF interconnecting ideas 


Press-to-release 
hinged cover on 
low height burn-in 
socket eliminates 
tools, eliminates 
loose parts. Low 
profile gets more 
on the board. 


Low-cost DIP 
sockets for burn-in 
and test applications 
feature fast and 
simple below- 
package sword slot 
unloading. 


The ne 


V60/V70 — Revolutionary advances in 2s 
CMOS technology for the ultimate 32-bit 

microprocessor performance. NEC’s new NATIVE MODE 
supermicro family is based on a general 
purpose architecture with a whole arsenal _V20/V30 

of on-chip features to handle the most MODE 
sophisticated and complex applications in <n. 
industrial control, office automation and Bre 


é : ON CHIP 
telecommunications. i 


NEC’s propr ietary CMOS VLSI technology, Soe 4 LEVEL PROTECTIC 
which packs more than 375.000 transistors ie 
wees ON A Single chip and 
= achieves extremely 
low power consump- 
tion, is the key to performance. The V60 has 
an external 16-bit bus while the V70 is a full 
32-bit machine. With a six-stage pipeline 
structure, both are designed for high 
throughput, performing at 3.5 and 5.3 MIPS 
(MAX) respectively. On-chip floating point 
functions provide the extra zip demanded by 
compute-intensive applications. 


The On- ones memory management unit of the V60/V70 maintains 
a mammoth 4 Gigabyte virtual address 8 
space anda four-level protection mecha- 
nism for efficient implementation in 
multi-user environments. The proces- 
sors can operate in native mode or 16- 


bit V20/V30 emulation mode, demonstrating yet again the funda- 
mental compatibility strategy of the entire V-Series. 


he field 


A powerful chip feature of the V60/V70 is 
the unique functional redundancy monitor. 


This feature allows the design of cl 
reliable, fault tole- 
rant systems by put- 
m ting together two or 
@ more processors to 
fee operate in parallel. 
Validity of outputs 
of these is automa- 
tically checked 
every machine cycle 
for early detection and possible correction 
of the System operations. 
Hardware expandability for the V60/V70 is assured by the full line 
of compatible CMOS peripheral devices. Software power comes 
from the V60/V70 instruction set, ideally suited for high-level lan- 
guage support and compiler optimization. An on-chip debug 
facility cuts down development time by efficient on-line error 
detection. Standard V60/V70 operating software includes *UNIX V 
and NEC’s own Real-Time Operating System. 


NEC ORIGINAL MICROPROCESSORS The V-Series. Power ful and flexible products 
Wsernes from a world leader in microelectronics. 
Backed up by a world-wide manufacturing, 
sales and service organization. 
* UNIX V is a registered trade mark of AT+T. 


FRM: Functionality 
cee Monitor _ 


Inactive 


J Exception Signal 


Normal — 
Mode V60 ™ 


FRM 


West Germany: Dusseldorf 02 11/65 03 01, Telex 8 58 996-0 

The Netherlands: Eindhoven 0 40/44 58 45, Telex 51923 

France: Paris 01/39 46 9617, Télex 699 499 

Italy: Milano 02/67 09 108, Telex 315 355 

Sweden: Taby 08/73 28 200, Telex 13 839 

UK: Motherwell 06 98/73 22 21, Telex 777 565 CIRCLE NO 202 


NEC 


OKI to expand. 


>-micron Q 2-micron 3-micron 
70 cee pane LA 70H000 Saas 70000 Series 
VERY HIGH SPEED HIGH SPEED 


Expanded Gate Array options from OKI, 
supported by world-class CSIC capabilities. 


product families and packaging. For more cost-effective, more flexible 
single-chip logic integration, OKI supplies more pre-designed Gate Array 
options—in the most advanced package types: plastic or ceramic through- 
hole DIPs or pin grid arrays; or plastic surface-mount PLCC or flatpack. 


services, plus world-leading production automation. OKI CSIC* design 
expertise is accessible at any development stage. And OKI’s CSIC 
manufacturing/testing facilities—among the world’s most highly 
automated—assure high quality, high volume fabrication. 


*“Customer-Specific 


For RFQ or technical data, complete form below and return to: CSIC Marketing, Integrated Circuit 
OKI Semiconductor, 650 N. Mary Ave., Sunnyvale, CA 94086. (408) 720-1900. 


Request for Quote (returned with 6 ) micron technical input on: 


complete technical data), please 4. Packaging preferred: ( ) CMOS Gate Arrays 


| i My application requires: 5. Anticipated volume: 
: 1. Gate count: se 
| i . Pin count: _________ 4 Please call me for 
| pequest tor Nols 3 _ process: immediate consultation. 
i , _ 1 ao micron 

} For prompt response to your ) & micron O Please rush complete 


fill out these brief specifications. s oe ae A es 
| ( ) Flatpack 
on eee 
) Pin Grid Array 
| SEMICONDUCTOR eal 
t 
4 Name/Title = = ompany Tg: (____) 
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EDITORIAL 


Software creativity—discipline=a mess 


EDN September 4, 1986 


The costs and the complexity of software development have reached 
staggering proportions. According to Digital Equipment Corp, US 
companies spend $100 billion a year for software maintenance alone, 


)  asum greater than the GNP of all but a few countries. Yet the tools 


of computer-aided software engineering, which can reduce software 
costs, go largely ignored. 

Why isn’t CASE employed more? I see four main reasons. First, 
it’s not cheap (although it can easily pay for itself in increased 
productivity). Second, many potential users aren’t familiar with 
what CASE can do. Third, many software developers put too much 
emphasis on the back end of the development process (coding and 
debugging) and give short shrift to the critical front-end steps 
(specification and design) where existing CASE tools can help the 


most. The fourth reason is that many software developers fear 


CASE will diminish the creative aspects of their design work. 
Why do they have this fear? My theory is that they equate 
discipline in the software-development process—something that 


CASE does indeed promote—with reduced creativity. In other 


words, they accept the absurd notion that a creative mind is a messy 
mind. Seme of them may even flatter themselves via faulty reason- 
ing: “Creative people are disorganized; I am disorganized; there- 
fore, I am creative.” Perhaps they need reminding that even though 
messy people who do good work are, indeed, often considered 
creative, messy people who do poor work are often considered 
slobs. When I hear software developers say they’re not interested 
in CASE, I wonder if they’re more interested in being “creative” 
than in getting a job done. | 

CASE as it now exists isn’t perfect, but it’s a start. More tools are 
needed—design verification and code generation, for example—and 
many of those tools will have to wait until artificial intelligence 
makes them feasible. In the meantime, available tools for struc- 
tured analysis and design can be of significant benefit, especially on 
large projects involving many people. 

Eventually, CASE won’t be an option for serious software 
developers; its use will be mandatory just to remain competitive. To 
ensure your place in the future world of software, you owe it to 
yourself to start exploring CASE now. As you do, bear in mind that 
software creativity needs to be balanced with good old-fashioned 
engineering discipline. For every messy, creative genius who 
creates a great program, there are probably 10 more so-called 
geniuses who create nothing but messes. 


Gary Legg 
Editor 
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Presenting the I-only-have-a- 
few-milliwatts-to-spare microproc- 
essor. The 80C31 8-Bit CMOS 
Single-Chip microprocessor 
from 

If you need a low-power device, 
how does this sound? 120 milli- 
watts of operating power and 100 
microwatts of standby power. 
With an operating speed of 
12 MHz. 


80C31 
Less is plenty. 


The 80C3]1 is a second source 
for Intel’s 80C31. It's a plug-in 
replacement. And i like Intel's, 
you can use our 80C31 right off 
a ae because theres no ROM. 

Te u like the 80C31 you'll 
also like the rest of our single- 
chip microcomputer family: The 
8051 single-chip microcomputer, 
the 8053 with twice the ROM and 
the forthcoming CMOS 80C51. 
And the EPROM versions: The 
8751 and the 8753. 

The 80C31: When you need a 
low-power device, it's good to 
know AMD has one designed to 
make the most out of the least. 
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Sick of working in half the 
space you need? Heartbroken at 
having to leave out those exqui- 
site little bits of code? AMD has 
the cure. The 8053 Single-Chip 
Microcomputer. 


8053 


4K ROM free. 
No green stamps. 


The 8053 is just like our high- 
Seer 8051 except you get 4K 
bytes of extra ROM. Free. Just 
like the 8051, it has two 16-bit 
timers, four 8-bit I/O ports and 
128K x 8 RAM. But where the 
8051 has a 4K x 8 ROM, the 8053 
has an 8K x 8 ROM. 

And all this doesn't cost any 
more than the 8051. 

For prototyping and develop- 
ment work, we have the EPROM 
version: The 8753. 

We think giving 4K ROM free 
is a very generous offer. You'll 
never miss the stamps. 
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Just remember AMD's new 
4K x 4 CMOS SRAMs: The 
Am99C58 and the Am99C59. 
They have the fastest 16K CMOS 
SRAM access time around: 20ns. 
But even at speeds like that, they 
dont forget what they’re made 
of: An advanced CMOS. So they 
don't use much power. 


Am99C58/59 


The fastest way 
fo improve your 
memory. 


What else could you ask for 
in an SRAM? 

You could ask for separate I/O. 
Okay. Both chips have separate 
I/O ports to eliminate bus con- 
tention snarls and give you faster 
throughput. Being able to fly 
through like that increases 
performance by 20%. 

The Am99C58 also has a chip 
enable function which automati- 
cally powers down the chip when 
deselected. And that decreases 
power consumption by over 70%. 

The Am99C9B9 has a scorch- 
ing 10ns chip select access time 
which will increase memory 
tem throughput. It’s just the thing 
for cache memory applications. 

With the fastest access times 
around and separate I/O, AMD's 
Am99C58 or Am99C59 CMOS 
SRAMs give you the options 
you need to improve your mem- 
ory. Fast. And that's worth 
remembering. 
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It's about time someone met 
the needs of the stingy And AMD 
did it. With our new Am29C841 
High-Performance CMOS 10-Bit 
Latch. Another member of AMD's 
Bus Interface Family. 

The Am29C841I gives you 
speed comparable to a bipolar 
latch—with a propagation delay 
of only 11ns. But it only uses 
80 microAmps at stand-by. 

That should warm any power- 
pincher’s heart. 


Am29C841 


A latch for 
the stingy. 


In addition to saving power, 
the Am29C841 is 10-bits wide. 
That extra data width is just what 
you need for wider address/data 
paths or buses carrying parity. 

Use the Am29C841 instead of 
a bipolar latch when you need 
only moderate drive capability. 
The CMOS Am29C841 provides 
24mA drive. Its MOS/TTL com- 
patible inputs and outputs mean 
you can use it with both bipolar 
and MOS systems. 

You dont necessarily have to 
be stingy to want a low-powered, 
high-performance latch like the 
Am29C841. You just have to be 
wise, far-sighted and exception- 
ally bright. 
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Advanced Micro Devices has broken the 
game wide open. 3 

After building a comfortable lead with a 
new product a week, every week—on the 
shelf, in volume—we called in the heavy 
hitters: 

ISDN. CMOS. 32-bit micro- 
processor chip set. 
High-speed RAMs. 
Modems. 

No one who follows ~ 
the game closely is the 
least bit surprised. This team puts more dollars 
into R&D, as a percent of sales, than anyone 
else in the business. 

If you like the sound of extra bases, call 
Advanced Micro Devices. 
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For more information, contact the sales agent nearest you or write the word 
“Forty-eight” on your letterhead and mail to Advanced Micro Devices, Mail Operations, 
P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 


Designing Is a Breeze 
with Lundy’s New UltraGraf? Il 


No matter what business you're in, 
sluggish productivity could blow you— 
and your profits—away. But now, thanks 
to Lundy’s new UltraGraf® Il, there’s an 
economical way to fight back. UltraGraf® 
ll is an intelligent 3-D graphics worksta- 
tion with features and functions that help 
you breeze through intricate designs. 


Exceptional Quality and Performance 


What sets UltraGraf® Il apart from 
other workstations in its price range is its 
exceptional quality and performance. 
That’s because Lundy engineers have 
developed extremely efficient vector and 
hardware processors that permit fast, 
high resolution design. And unlike many 


50 


other workstations, UltraGraf® II is highly 
intelligent. So functions such as 3-D 
translation, rotation, and scaling are per- 
formed locally, increasing design speed 
even further while freeing your host. The 
result is fast, high quality design that 
helps keep rigid development schedules 
firmly on course. 

A wide variety of options and ac- 
cessories are available to help make 
graphics design as convenient as possi- 
ble. And as with all Lundy products, 
UltraGraf® Il is backed by our customer 
service and support network, one of the 
largest in the industry. 

This combination of speed, intel- 
ligence, responsiveness, economy, op- 
tions, accessories, service and support 
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make UltraGraf® II the ideal choice for 
mechanical design and drafting, archi- 
tectural engineering, finite element anal- 
ysis, robotics, and other applications that 
require high resolution display. 

So don't let sluggish design productiv- 
ity take the wind out of your sails. Fight 
back with UltraGraf® Il. 

Contact: Graphics Marketing, 

Lundy Electronics & Systems, Inc. 
1 Robert Lane, Glen Head, N.Y 11545 
(516) 671-9000. 
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No matter how 
fast technologies 
change, you can 
keep pace at 


October 7-9, 1986 « Santa Clara Convention Center 
Great America Parkway « Santa Clara, California 


4 


‘~~ _ The only event dedicated to electronics 
packaging and production in the 
Silicon Valley 


Compare and evaluate a wide range of the latest 
equipment and materials, demonstrated by leading 
suppliers from across the United States. 


Learn how to improve quality, cut costs, and solve your 
production problems at the expanded Conference Program. 


Make plans now to attend. Mail the Advance Registration 
Form below today to receive your credentials and save the 
$10.00 admission fee to the exhibits. 


Cahners Exposition Group Cahners Plaza, PO. Box 5060 
1350 East Touhy Avenue Des Plaines, Illinois 60017-5060 
(312) 299-9311 TLX: 256148 CEGCGO DSP 

» INT’L TLX: 82882 CEG/CHGO 


Registration Opens: 8:00 a.m. daily. 
Exhibition Hours: 11:00 a.m. to 5:00 p.m. Tuesday and Wednesday 
. 11:00 a.m. to 4:00 p.m. Thursday 


Al 


Advance Registration Form [oo 
parr ease register me for exhibits only. Free admission wi is 
(Exhibition Only) fone Seve $10.00. ij 
NEPCON Northwest 86 OJ poe. and registration materials for 
Mailing deadline: September 12, 1986. After September UI Please send hotel information. 
12. do not mail. Bring completed form to show for free L] My company is interested in exhibiting at future events. 


admission to the exhibits only.* 


JOB FUNCTION (Check one category only) 


PLEASE PRINT IN BLACK INK A UCircuit/System Packaging F [JCorporate Management 
= B (Circuit/System Design G UD Sales 
First Name Last Name C LU Production/Manufacturing H LJ Research/Development 

q || yt ttt tT yy y D CJ Quality Control, Test & Inspection | (JOther 

1 Title Phone E () Purchasing 
Lid jij ft ty tt td PRODUCT INTEREST (Check all categories that apply) 
Company ; : . 
| am interested in these product categories: 
Po Pd dh LT hd 01 CPC Design 04 Circuit Packaging 
Address M/S 02 1) PC Board Fabrication 05 OJ Inspection and Test 
ce eed a aN ee Se ee Se a oe ee ee ee ee ee eee 03 LJ Circuit Assembly 
City State 
te 
Telex Zip Return to: NEPCON Northwest ’86 
Registration Office, Cahners Exposition Group, Cahners Plaza, 

*For the trade only. Students and children may not attend. 1350 E. Touhy Ave., PO. Box 5060, Des Plaines, IL 60017-5060. 
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ow. HEXFE I's é: 


make bipolars obsolete! 


De uaamah 


Now that HEXFET II power MOSFETs have As a result your design is greatly simplified. 
broken the bipolar price barrier, there's no So is production and testing. And because 
| reason to choose the harder-to-drive, less HEXFETs outperform bipolars, your system's 
Core reliable bipolar transistor for your application. __ reliability is significantly improved. 
Penny-for-penny HEXFETs guarantee you a In short, you'll find no technical advantage to 
more rugged device that switches faster, bipolars when HEXFETs can do the job better 
handles full rated current/voltage without at less cost. That's one more reason why 
second breakdown, and is easier to parallel. they are today’s quality choice in power MOS- 
FETs. Call or write for complete data. 


Price (Cents) Per Rated Ampere 


Call direct (213/607-8842 for data. 


on 18 oe en .. International 
in power MOSFETs! 
12R|Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910-348-6291, TELEX 472-0403 
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND TELEPHONE (088 33) 3215/4231. TELEX 95219 


Power MOSFETs « CMOS Power ICs - Commercial/Custom Power Packages « Schottkys 
Rectifiers - Thyristors (SCRs) « Diode Bridges * Molded Circuits - Assemblies 
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Increased scale length 


s, math functions make 


handheld DMMs general-purpose R&D tools 


Peter Harold, European Editor 


Thanks to single-chip-wC control, 
handheld digital multimeters now 
offer measurement performance 
and features that were formerly 
found only on benchtop instru- 
ments. For example, handheld 
DMMs can now perform such com- 
putation functions as calculation of 
decibel ratios or offset-relative 
measurements. The instruments’ 
analog displays, which take the 
form of bar graphs or simulated 
analog meters, help you fine-tune 
electronic circuitry. 

These handheld DMMs also offer 
increased scale lengths: The instru- 
ments, which once provided only 
342-digit scale lengths, now offer 4% 
or 4% digits. The multimeters’ basic 
dc-voltage accuracies have im- 
proved to 0.1% or less, and some of 
the instruments make ac measure- 
ments with true-rms accuracy. Fur- 
ther, some handheld DMMs can 
double as logic testers, frequency 
counters, or sensitive thermometers. 

Improvements over the last five 
years in the design of CMOS A/D 
converters, low-cost voltage refer- 
ences, and attenuator networks 


A 


A 


PM 2618 X multimeter 


have brought the price of a basic The analog bar graph incorporated into the displays of Philips’s PM2618 and PM2718 
4'-digit DMMs is optimized for observing signal trends. It allows you to null a circuit to 
zero, or a preset value, with an accuracy of 0.3% of range. These DMMs also feature relative, 
decibel, and frequency measurement, and they allow for totally electronic recalibration. 


3’2-digit handheld DMM (sporting 
de/ac voltage, dc/ac current, and 
resistance functions as well as a 
basic de accuracy of 0.1% or better) 
to under $200. However, for a few 
dollars more, you can own a hand- 
held DMM with the same measure- 
ment performance but with ad- 
vanced user features—such as 
true-rms ac measurement, offset 
relative measurements, and decibel 
computations—that make it a useful 
general-purpose R&D tool. In addi- 
tion, because of the handheld 
DMMsv’ $250 to $350 price tag, every 
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engineer can have his own instru- 
ment. For a summary of the mea- 
surement capabilities and added 
features you'll find on some current- 
ly available models, refer to Table 
1, which begins on pg 62. 


Choosing your DMM 

Choosing a handheld DMM for its 
de-voltage performance is relatively 
easy, because you can expect the 
DMWM’s basic de-measurement accu- 


racy spec to be valid for all input 
ranges except the 1000V range. The 
input impedance on de voltage 
ranges for the DMMs listed in Table 
1 is around 10 MQ, so for most 
applications, these instruments 
won't cause circuit-loading errors. 
To take measurements of de volt- 
age from circuitry with a high 
source impedance, however, you'll 
need to use an instrument with a 
higher input impedance. The B&K 
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Precision 2820, the North American 
Soar 3480 and 3450, and the Triplett 
4750, for example, all feature an 
input impedance of greater than 
1000 MOQ on the 250-mV dc-voltage 
range; the Fluke 8060A and 8062A 
feature this same high input imped- 
ance on both the 200-mV and 2V de 
voltage ranges. 

The basic resistance-meas- 
urement specifications in Table 1 
are also valid over several measure- 
ment ranges—usually from the 
DMW’s first kilohm range to its first 
megohm range. The only handheld 
DMMs listed that differ appreciably 
from this rule are the B&K Preci- 
sion 2820, the Soar 3480 and 3450, 
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and the Triplett 4750. For these 
models, the basic resistance- 
measurement accuracy specifica- 
tions in Table 1 apply to ranges as 
high as the 250-k© range, but for 
the 2500-kQ range, the spec is 
+(0.5%+2 digits). 
Resistance-measurement accura- 
cies in the higher megohm ranges 
are always 1% or more because of 
the noise problems in those ranges. 
If you have to measure very high 


ohmic values, you can use Fluke’s 
Models 27 and 8060A_ handheld 


DMMs, which feature conductance 
ranges of 32 nS and 2000 nS, respec- 
tively. The conductance range of the 
334-digit Model 27 has a resolution 


of 0.01 nS and an accuracy of 
+(2%+10 digits). The conductance 
range of the 4%-digit 8060A has a 
resolution of 0.1 nS and an accuracy 
specification of +(0.5%+20 digits). 


Average or true-rms ac 


Choosing a DMM for its ac-volt- 
age performance is not as simple as 
choosing one for its de performance. 
First, you must decide whether you 
require an average-sensing or a 
true-rms-sensing DMM. If you want 
to measure the rms value of 
nonsinusoidal waveforms, you'll 
need to use a _ true-rms-sensing 
DMM; if not, you can use an aver- 
age-sensing DMM. 


NOTE THAT 1 DIGIT — 
-L-SCALE COUNT ~ 
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An average-sensing DMM recti- 
fies the ac input and then measures 
the mean rectified value, which it 
internally scales to an rms value. 
The scaling factor it uses—the ratio 
between a sine wave’s mean value 
and its rms value—doesn’t hold true 
for nonsinusoidal waveforms, for 
which it can cause measurement er- 
rors of several percent. (For exam- 
ple, measurements of square waves 
would be in error by about 11%. 

True-rms-sensing DMMs evalu- 
ate the rms value of an input wave- 
form directly: They incorporate a 
dedicated analog computer, usually 
in the form of log/antilog circuitry, 
that performs the root-mean-square 
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computation. As a result, true-rms- 
sensing DMMs can—within limits— 
measure nonsinusoidal waveforms. 


The DMMs are limited in that their 


‘ 


rms-computation circuitry can’t al- 


measurement accuracy for all ac 
input waveforms whose crest fac- 
tors don’t exceed the DMM’s crest- 
factor rating. Crest-factor ratings 
for the instruments in Table 1 range 


ways handle the dynamic range of from 2 to 6. 


the instantaneous signal presented 
to the input. 

You can judge a DMM’s ability to 
cope with various ac input wave- 
forms by looking at the instrument’s 
crest-factor specification. Crest fac- 
tor is the ratio between a wave- 
form’s peak value and its rms value 
—for example, the crest factor for a 
sine wave is 1.414, and the crest 
factor for a square wave is l. A 


DMM maintains its specified ac- 


Although the crest-factor rating 
(2) for Philips’s PM2518, PM2618, 


and PM2718 handheld DMMs is at 
the low end of this range, these 
instruments incorporate circuitry 
that assesses the input signal’s 
waveshape and provides you with a 
display indicating crest-factor over- 
loads. This feature is useful when 
you don’t know, or can’t easily mea- 
‘sure, an ac waveform’s crest factor. 

When you’re assessing a DMM’s 


“TREND/NULL | 
_INDICATOR __| 
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Sealed against the environment and protected from shock and vibration, the Fluke 27 
3%-digit DMM withstands use in harsh industrial environments. Its lab features include 
relative measurements and storage and recall of maximum and minimum values. 


lead-resistance errors when you 
measure resistors of low ohmic 
value or to determine component 
deviations from a nominal value. 
Note, however, that the relative- 
measurement function on handheld 
DMMs differs from that found on 
many benchtop instruments—no 
handheld DMM lets you enter the 
reference value numerically, via the 
keypad. Instead, you must use an 
appropriate physical source to set 
up and enter the reference value. 


dB or dBm 


Most wP-controlled handheld 
DMMs also provide a decibel-com- 
putation capability for use with 
their ac-voltage measurement func- 
tions. On all the DMMs listed in 
Table 1 except BBC-Metrawatt/ 
Goerz’s M2042, decibel values com- 
puted from ac-voltage inputs are 
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referenced to 1 mW in 6000, so the 
dB function actually indicates dBm: 


dBm=20log(Vin/0.7746) 


On most handheld DMMs, if you 
want to refer the decibel measure- 
ments to other impedances, you'll 


have to resort to correction charts. 
The BBC-Metrawatt/Goerz M2042, 


however, allows you to select the 


dBm reference to be 1 mW in 1500, 
6000, 9000, or 12000, so for many 
applications, the M2042 provides a 
direct measurement of the required 


dBm value. 


In addition to providing dBm 


measurement for ac-voltage inputs, 


the Fluke 8060A and Philips 
PM2618 and PM2718 provide dB 


measurement for de-voltage inputs. 


The Fluke 8060A refers de measure- 


ments to 1 mW in 600Q; the Philips’ 
DMMs refer them to 1 mW in 500. 
You can usually operate the dB func- 
tion and the relative-measurement 
function simultaneously, so it’s easy 
to establish stage gain or stage loss 
for, say, frequency - response 
testing. 

The Fluke 27 and Philips PM2718 
both feature a max/min capability, 
which lets them digitally store and 
recall the highest and lowest read- 
ings recorded since the max/min 
stores were cleared. Hence, you can 
leave the DMM connected into a 
circuit for an extended period of 
time (for as long as the batteries 
last, or indefinitely if the DMM ac- 
cepts a line-supply adapter), return- 
ing at a later date to record the 
maximum positive and negative ex- 
cursions of the input signal. You can 
also use the function to make peak- 
to-peak measurements on very-low- 
frequency ac signals. 

The max/min capability on these 
instruments shouldn’t be confused 
with the peak-hold function 
provided by B&K Precision’s 2820, 
Soars 3430, and Triplett’s 4750 
DMMs. The peak-hold circuit on 
these DMMs is an analog peak de- 
tector and S/H circuit; it records the 
peak value of short-term changing 
voltage or current inputs, such as 
the inrush current that occurs when 
you power up a power supply. When 
you use it with the DMMs’ tempera- 
ture function, however, the peak- 
hold circuit operates digitally, hold- 
ing the current maximum reading 
on the display. 


Direct temperature readouts 


Although most handheld DMMs 
can measure temperature when you 
add a suitable platinum resistance 
thermometer (PRT) or thermocou- 
ple probe, some provide a direct 
readout of temperature. The B&K 
Precision 2820, Soar 3480, and 
Triplett 4750 all contain cold-junc- 
tion compensation and internal scal- 
ing, which allow the instruments to 
accept a standard K-type thermo- 
couple probe. The readout can be in 
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SIEMENS 


possible for the user to meet 
requirements like IEC 380, — 
_ when it comes to iso 
current transfer ratio (CTR) an 
_ longterm stability. But what's t 
good of the best internal diele 
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ac performance, be sure to consider 
the frequency range over which the 
instrument’s accuracy specifications 
apply. The basic ac specifications 
quoted in Table 1 apply at 500 Hz 
(at this frequency, all the instru- 
ments surveyed exhibit their maxi- 
mum ac accuracy, which is typically 
+0.5%). Of the true-rms-sensing 
DMMs, B&K Precision’s 2820, 
Fluke’s 8060A and 8062A, Soar’s 
3430, and Triplett’s 4700 and 4750 
DMMs maintain this accuracy to 
frequencies as high as 10 kHz. 
These accuracies are generally valid 
for all ac ranges except the topmost 
750V range, although the Fluke 
8062A maintains maximum accura- 
cy to 10 kHz only in its 200-mV and 
2V ranges. 

Philips specifies the ac-voltage 
frequency response of its handheld 
DMMs in a slightly different way. 
The company’s PM2518 maintains 
maximum ac accuracy from 40 Hz to 
2 kHz, and the PM2618 and PM2718 
maintain maximum accuracy from 
40 Hz to 8 kHz. Beyond these upper 
frequencies, the accuracy is speci- 
fied as (% reading+number of dig- 
its)/kHz. The per-kHz errors for the 
PM2518, PM2618, and PM2718 are 
(0.25% +5 digits), (0.17%+8 digits), 
and (0.1%+83 digits), respectively. 
The instruments’ respective ac-volt- 
age accuracies at 10 kHz, therefore, 


You can expand the effective scale length of the simulated analog meter on BBC-Metrawatt/ 
Goerz’s M2042 DMM to 10m and +7500 scale divisions by using the 8-stage zoom feature. The 
4-digit instrument also features dBm computation relative to four different reference 


impedances. 
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are +(2.5%+50 digits), +(1.7%+30 
digits), and +(1%+80 digits). 

The ac-voltage accuracy of the 
BBC-Metrawatt/Goerz M2037 and 
M2042 is specified over a single fre- 
quency range from 15 Hz to 20 kHz 


for voltages as high as 300V. For 


most handheld DMMs, ac-measure- 
ment errors for readings beyond 10 
kHz, or on the highest voltage 
range, rapidly increase to a few 
percent or more. 

Fluke’s 8060A provides the best 
ac performance you can get from a 
handheld DMM at low voltage lev- 
els; the instrument features a 200- 
mV-range ac accuracy of 
+(0.2%+10 digits) between 45 Hz 
and 1 kHz and +(0.2%+20 digits) 
between 1 and 10 kHz. If you need 
to measure the true-rms value of an 
ac signal plus its de component, 
consider using BBC-Metrawatt/ 
Goerz’s M2042 DMM, which has a 
de-coupled ac mode. 

Of course, to assess ac-measure- 
ment errors, you need to know the 
frequency of the signal you’re mea- 
suring. For this purpose, as well as 
for general frequency measure- 
ment, several handheld DMMs in- 
corporate frequency counters. 
These DMMs usually measure fre- 
quency by applying the input to a 
threshold detector and feeding the 
resultant pulses to the counter, 


which is usually associated with the 
instrument’s integrating A/D con- 
verter. The ac input attenuator al- 
lows you to scale the input signal to 
suit the threshold detector, thus al- 
tering the frequency counter’s input 
sensitivity. 


1-chip Cs add features 


Although many DMMs may satis- 
fy your basic de- and ac-voltage, de-. 
and ac-current, and _ resis- 
tance-measurement requirements, 
it’s the instruments with internal 
Ps—normally in the form of single- 
chip CMOS microcomputers—that 
offer the extra measurement func- 
tions required in an R&D environ- 
ment. 

Several of the DMMs listed in 
Table 1, for example, incorporate a 
relative-measurement function. By 
connecting one of these DMMs to a 
source with the required reference 
value, you can store the reference 
value in memory; the DMM auto- 
matically subtracts the reference 
value from subsequent readings be- 
fore displaying them. Normally, 
this relative-measurement function 
is available for all the instrument’s 
measurement functions. 

Two DMMs that incorporate the 
relative-measurement function are 
BBC-Metrawatt/Goerz’s M2037 and 
M2042, whose folding case design 
affords a larger display area than 
the one on most handheld models. 
This larger area allows the M2037 
and M2042 to simultaneously dis- 
play the actual input value, the set 
reference value, and the relative 
value. The M2037 displays all three 
values digitally to 4%4-digit preci- 
sion, and you can select the relative 
value for display either in terms of 
an absolute value or as a percentage 
deviation. The M2042 displays the 
relative value on its simulated ana- 
log-meter scale. On other DMMs 
that have the relative-measurement 
function, you can usually recall the 
reference on the display via an ap- 
propriate sequence of keystrokes. 

You can use a DMWM’s relative- 
measurement function to eliminate 
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EMISSION LAWS— COMPUTERS, PERIPHERALS AND ELECTRONIC EQUIPMENT. 


FCC Strike Force Sweeps COMDEX. A squad of Federal agents swept through the Atlanta trade show, ticketing 2,500 
violators of FCC rules, according to COMPUTERWORLD. The FCC reports that $178,000 in fines was levied and at 
least one manufacturer was threatened with destruction of its inventory. The FCC rules in Part 15 require that nearly all 
electronic equipment meet stringent limits. Penalties may include fines, seizures or arrests. Regular FCC representation 
at major trade shows can be expected. 


FCC Compliance at a Guaranteed Rate by a Guaranteed Date is the promise of Dash, Straus & Goodhue, Inc. 
(617-263-2662), the Northeast’s largest research and development firm dedicated to EMI, ESD and Telecom compliance. 
Under that program, a customer can call DSG and receive, over the phone, a commitment to have a device tested, 
modified (if necessary), retested and verified within a guaranteed time and for a guaranteed rate. DSG’s in-house legal 
staff prepares in complete confidence all necessary applications to the FCC. The firm is prepared to assist clients, should 
the FCC call. 


TELECOM REGULATIONS — FCC PART 68. 


Competitor Complaints Lead to Fines. Complaints filed by one manufacturer of digital network channel terminating 
equipment (NCTE) led to fines being levied on its competitors. Often a source of FCC sanctions, competitors’ complaints 
are given a high priority by the FCC. Nearly all devices which hook to the telephone network must be registered with the 
FCC and must comply with the Part 68 regulations. 


Selling to Europe May Become Easier under new Common Market accords. A new Common Market Council Directive 
has taken the first step in providing uniform Common Market regulations over standards that customer-premise equip- 
ment must meet. The full effect of the Directive is expected to be felt in one to two years. 


DSG Can Review Products Worldwide. One of the few labs both FCC listed and Canadian approved, the firm now 
announces it has also begun work to aid manufacturers to sell in the newly opened Japanese and British telecommuni- 
cations markets. 


SAFETY | 


“Lawyers are on the Attack”, according to the insurance industry, which announced that its losses in 1985 exceeded four 
billion dollars. The average product liability judgment in 1985, it says, was $1.4 million. Shock, fire and mechanical hazards 
rate high as sources of the suits. 


Safety Approvals are Mandatory for any company seeking protection. While UL® listing is not a complete defense, 
a failure to meet UL standards could leave a manufacturer with practically no defense in cases of shock or fire injuries. 


Worldwide Safety Approvals at one location are now possible at DSG. DSG engineers can submit packages for 
UL, CSA® and West German approvals simultaneously. Final tests carried out by these organizations are coordinated 
through DSG. . | 


COMPLIANCE DESIGN FEATURES PART 68 WORKSTATION™, ROBERTS ANTENNAS®. 


An Integrated Workstation designed for complete evaluation of telephone modems, PBXs, etc., for compliance with 
FCC, DOC and EIA standards is now available from Compliance Design Inc. (617-264-4668). The Workstation” is 

~ expected to make setting up a Part 68 laboratory practical for those manufacturers who wish to avoid heavy independent 
laboratory testing fees. 


The Famous Roberts Antenna®, identical to those used by the FCC for 25 years and now an industry standard, is 
available from Compliance Design Inc. The company guarantees that any reasonable site can meet the FCC’s critical 
“site attenuation” requirements by using these antennas. 


COMPLIANCE ENGINEERING 1987 SOON AVAILABLE— FREE OF CHARGE. 


Rapidly becoming the industry’s standard handbook on EMI, ESD, Telecom and Safety, COMPLIANCE 
ENGINEERING 1987 will cover both specifications and methods of engineering for compliance. The handbook 
- (available January, 1987) is provided free of charge by circling the Reader Service Number below. 


All inquiries handled in complete confidence. 


Dash, Straus & Goodhue, Inc. 
593 Massachusetts Avenue 
Boxborough, MA 01719 

(617) 263-2662 


For Dash, Straus & Goodhue, Inc., circle 70 
Goodhue For Compliance Design Inc., circle 85 
For COMPLIANCE ENGINEERING 1987, circle 140 


Dash| Straus 
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Offset relative, 


decibel, and frequency 
measurements complement the basic mea- 
surement functions of Fluke’s 8060A 4%- 
digit DMM. The instrument’s conductance 
range allows you to measure resistance val- 
ues as high as 10,000 MQ. 


°C or °F; you select the unit of 
measure via a switch. The measur- 
ing capability of these DMMs 
ranges from -—50°C (—58°F) to 
+1200°C (+2192°F) with a resolu- 
tion of 1° and an accuracy of 
+(0.5%+8°C) or +(0.5%+5°F). 
Each of the three Philips DMMs in 
Table 1 accepts a PRT100 probe and 
provides a direct readout in °C with 
0.1°C resolution between —60 and 
+200°C, and +1°C accuracy be- 
tween —20 and +100°C. 


DMMs probe logic circuits 

If you need to investigate both 
analog and digital circuitry, consid- 
er using a DMM with logic func- 


tions, such as the Triplett 4700 and 


Philips PM2618 and PM2718. The 
Triplett 4700’s logic function has a 


fixed logic threshold of 1.75V, and it — 


68 


can detect pulses as short as 60 


psec. The Philips DMMs handle 


logic signals having logic swings of 
as much as 100V. By probing the 
logic’s Vcc supply and entering this 
value with the DMM’s Zero key, 
you automatically set the DMM’s 
logic levels to =0.25 X< Vcc for a logic 
low and =0.75X Vcc for a logic high. 
On power-up, the Vcc value defaults 
to 3.2V, giving you TTL-compatible 
thresholds of 0.8 and 2.4V. 

You can use the PM2618 or 
PM2718 to probe logic circuitry 
operating at frequencies as high as 
10 MHz. You can tell from the 
DMMs’ displays whether the signal 
is a square wave or whether it’s 
pulsing high, pulsing low, stuck 


‘high, stuck low, stuck at an interme- 


diate logic level, or open-circuit. 
The two models also include beepers 
that indicate the signal’s logic level 


and the presence of pulses. 


Some DMMs offer an analog-scale 
indication of measured values, 
which is useful in trimming circuits 
for peak or trough responses, or for 
nulling them to zero. In such appli- 
cations, it’s easier to observe signal 
trends—whether the signal’s rising 
or falling, and the rate of rise or 
fall—on an analog scale than on a 
digital display. 


Fluke, Philips, and BBC- 


Metrawatt/Goerz provide meters 


that incorporate analog scales in 
their DMMs’ LCDs, although the 
analog scales from the three compa- 
nies operate very differently. 
Fluke’s 3%4-digit Model 27 DMM in- 
corporates a linear bar graph that 


indicates the magnitude of the mea- 


sured value as a proportion of full 
scale; each segment of the bar graph 
is equivalent to 100 digits (3.1% of 
full scale) on the digital display. 


Separate indicators at the left end of. 


the bar graph indicate the signal’s 
polarity. Using the bar graph, you 
can make coarse circuit adjustments 
to obtain a reading of within 100 
digits of the required value; you 
must resort to the digital display to 
fine-tune your circuit. The polarity 
indicators assist you in nulling cir- 


The advanced user features on the 4%-digit 
Model 3430 from North American Soar in- 
clude dBm and.relative measurements as 
well as frequency, temperature, and peak- 
hold functions. 


cuits to zero by pulsing on and off 
when the input is below 20 digits. 

The 4%42-digit PM2618 and 
PM2718 DMMs from Philips feature 
an entirely different analog bar 
graph display that’s optimized for 
observing signal trends and for 
peaking and nulling applications. All 
segments of the bar graph are nor- 
mally on, except for two, which form 
a gap in the display. This gap moves 
to the right when the input signal 
increases and to the left when it 
decreases. The rate at which it 
moves left or right is inversely pro- 
portional to the input signal’s rate of 
change—the slower the input sig- 
nal’s rate of change, the more sensi- 
tive the movement of the bar graph 
becomes. Using this type of analog 
display, you can quickly tune a cir- 
cuit close to its peak or trough re- 
sponse, and then slowly fine-tune 
the circuit to the peak or trough 
with 8-digit (0.04% of full scale) 
resolution. 
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The game is over. 
OMNI. The only universal programmer. 


A totally new concept in PROM 
Programming. OAE has drawn upon 12 
years of research and manufacturing 
experience to develop the ultimate in 
software configured programmers. By 
combining up to 64 programmable pin 
drivers with a new database of over 
1400 parts, the software configured 
OMNI can program hundreds of 


EPROMs, EEPROMs, EAROMs, 
bipolar and CMOS PROMs, PLDs, 


AEE 


pace che at tt 


microprocessors and ASICs 
(Application Specific ICs). /n fact, the 
OMNI’s unique pin drivers can program 
and test all known programmable 
semiconductors, from bipolar diode 
arrays to ECL PLDs. in addition, an 
optional parametric editor can be used 
to screen every device programmed to 
your company’s own specifications. 


100% Software Configured. 


Unlimited Free Library Updates 
available for 2 years. 


¢ Plug compatible with over 350 
different computers and operating 
systems. 


° Over 20,000 devices may be added to 
the OMNI’s new nonvolatile library. 


Fast high voltage, high current pin 
drivers can supply +1.5A continuous 
and +4.5A to +10A peak at each pin. 

¢ 100% laser trimmed references — 
no calibration is ever required. 


° Over 4,000 steps of voltage and 
current resolution plus sub- 
CIRCLE NO 189. 


nanosecond timing resolution to 
program everything from CMOS to 
high power bipolar and ECL devices. 


° The OMNI 64 supports ALL package 
types, including SOs, LCCs, PLCCs, 
PGAs, DIPs, etc. 


e Full-one year parts and labor and two 
year software warranty period. 


The OMNI is small, portable, and easy 
to use. 


OMNI Series starts at just $2995.00 


NOW THAT THE HARDWARE GAME 
IS OVER... IT’S YOUR MOVE! 


Call 1-800-828-0080 (1-800-423-8874 
in CA) for a free demonstration today. 


Oliver Advanced Engineering, Inc. 
320 West Arden Street 

Glendale, CA 91203 

(818) 240-0080 

TWX (510) 600-8099 
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When you activate the PM2618’s 
or PM2718’s relative-measurement 
function, the analog bar graph be- 
comes a center-zero null detector: It 
allows you to tune a circuit to zero 
(by setting the relative-measure- 
ment reference to zero) or to any 
desired value (by setting the rela- 
tive-measurement reference to that 
value). The closer you are to the null 
or required value, the more sensi- 
tive the bar graph becomes. You can 
adjust the circuit to a null or re- 
quired value with an accuracy of 
+0.3% of range. 

The analog scale on the M2037 
and M2042 from BBC-Metrawatt/ 
Goerz is an LCD simulation of a 
conventional analog meter, com- 
plete with scale markings and a 
moving needle. On the M2087, the 
simulated analog meter has a scale 
length of 88 mm; its 70 scale divi- 
Sions are calibrated from —5 
through zero to +80 to indicate 


For more information | 


For more information on the handheld DMMs described | in ie article, circle 
the appropriate numbers on the Information Retrieval Service card ¢ or 
contact the following manufacturers directly. _ 


BE&K Precision 

_ Dynasean Corp 

_ 6460 W Cortland St | 
Chicago, IL 60635 

| (812) 889-9087 _ 
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BBC-Metrawatt/Goerz GmbH 


Thomas-Mann-Strasse 16-20. 
Postfach 1833s 

West Germany ss. 
8500 Nuremberg 50, 
(0911) 86021 © 

Circle No 692 


BBC-Metrawatt/Goerz 
2150 W 6th Ave 
Broomfield, CO 80020 
(803) 469-5231 

Circle No 693 


| Becks Industrial Corp 
Instrumentation Products Div 


630 Puente St 
Brea, CA 92621 
(714) 671-4800 
Circle No 694 


John Fluke Mfg Co Inc 
Box C9090 
Everett, WA 98206 


(206) 347-6100 
_Circle No 695 


‘Philips 
_Industrial & Electro-acoustie 


Systems Div 

Box 523 

5600 AM Eindhoven, 
Netherlands 

(040) 783760 

Circle No 696 


Philips 1 Test & Measuring 
Instruments Inc | 

85 McKee Dr__s=®w 
Mahwah, NJ 07430. 

(201) 529-3800 
Circle No 697 


North American Soar Corp 


1126 Cornell Ave 
Cherry Hill, NJ 08002 


(609) 488-1060 
One No 698 


Triplett Corp 


One Triplett Dr 
Bluffton, OH 45817 


(419) 358-5015 
Circle No 699 


readings between —16.6% of range than 16.6% of range, indicators at 
and +100% of range. For negative both ends of the scale reverse the 
signals with magnitudes greater scale’s polarity. 


Introducing STD Multi-DOS." 
Now you can get the real-time response 
of VRTX® plus the support services of 
PC-DOS™ Together in a co-resident opera- 


ting system: STD Multi-DOS™ from Ziatech. 


For applications such as industrial 
automation, instrument control, data 
acquisition and robotics, STD Multi-DOS 
now offers a synergistic alternative. 


With VRTX you have real-time control 

of physical processes. And with PC-DOS, 
a gateway to file management functions 
and the key to the world of PC™ software. 
Which means now-from a real-time 
world—you can access devices such 

as disks, printers, and even network 
links, without re-inventing the program- 


ming wheel. 


IATECH 


Speaks VRTX like a native! 
VRTX-—the Versatile Real-Time Executive 
—responds instantly with up to 256 differ- 
ent tasks, as though they were happening 
simultaneously. And because PC-DOS 
is used only as a background resource, 
it doesn't impose any additional over- 
head on VRTX. So the real-time kernel 


operates just as efficiently as it would 


ONTR 
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The simulated analog meter on 
the M2042 has a scale length of 102 
mm. The meter has 60 scale divi- 
sions, and it provides automatic 
scale marking, depending on the 
range you select. The M2042 is un- 
conventional in that you can expand 
the scale in eight stages (between 
2.5 and 500) to obtain an effec- 
tive scale length of greater than 
+10m and +7500 scale divisions. 

Consider de-voltage measure- 
ments, for instance. When you’re 
not using the DMM’s expansion (or 
zoom) function, the two ends of the 
scale always indicate plus and minus 
full range, and the pointer moves 
between them through a center 
zero. When you activate the zoom 
function, 50 of the scale divisions 
around the pointer’s position in- 
crease in resolution. In effect, the 
zoom function lets you increase the 
sensitivity of the pointer’s move- 
ment, so you can determine signal 


trends more accurately. 

Five divisions at each end of the 
expanded section indicate signal ex- 
cursions into the remaining portions 
of the scale (plus and minus full 
range). In addition, when you acti- 
vate the DMM’s Auto function, the 
50-division window on the expanded 
scale automatically moves with the 
changing input signal. 

Whichever handheld DMM you 
choose, your instrument will re- 
quire recalibration at least once a 
year to maintain its published accu- 
racy specification. Until now, all 
handheld DMMs have required 
screwdriver recalibration: In other 
words, you had to open the case and 
‘adjust potentiometers or trimming 
capacitors. The PM2618 and 
PM2718 DMMs from Philips, how- 
ever, employ the digital calibration 
technique, which has become the 
norm on high-performance, »P-con- 


trolled benchtop DMMs. 


The PM2618 and PM2718 store 
digital calibration constants in trip- 
licate in internal nonvolatile memo- 
ry, using a majority check on their 
values to guard against memory 
corruptions. Without opening their 
cases, you can recalibrate these 
DMMs either manually (through the 
meters’ front-panel controls) or au- 
tomatically (by coupling them to an 
IKEE-488 controller). The DMMs 
have 2-wire serial I’C-bus inter- 
faces, so you need a PM9181 inter- 
face adapter to make the link to an 
IEE E-488 system. 

Finally, the company’s PM2518 
also has an J’C-bus interface, so 
although this DMM still requires 
recalibration with a screwdriver, 
you can use an IEF EE-488 system to 
check the calibration. EDN 


Article Interest Quotient 
(Circle One) 
High 500 Medium 501 Low 502 


in native mode, interleaving tasks accord- 
ing to user-assigned priorities. 
Familiarity breeds applications. 
If you're an OEM or systems integrator 
who's already familiar with PC-DOS 
you'll feel right at home with STD Multi- 
DOS. And with our complete develop- 
ment tools and the real-time debugging 
help of TRACER™ you'll be able to create 


PC-DOS 


sophisticated ST'D bus applications that 
much faster. Or, you can access thou- 
sands of existing PC software packages 
from your own real-time environment. 
Call or write Ziatech today. 
Get all the facts fast so you no longer 
have to make a choice between real-time 
and the PC-DOS worlds. You can have 
the best of both! Call (805) 541-0488 


GOES REAL TIME 


for more information and your nearest 
Ziatech representative. 


3433 Roberto Court,San Luis Obispo,CA 93401 
Telex: 4992316 


VRTX® and TRACER are a registered trademark and trademark of Hunter and 
Ready, Inc., respectively. Multi-DOS™ is a trademark of Ziatech Corporation 
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YOUR PRODUCT 
HAS A NEW TE 


Introducing a new system for 
winning the production test 
game. 


Are you testing hybrid 
components or sub-assemblies, doing 
functional board tests, environmental 
tests, incoming inspection, or final 
test? 

If so, meet Summation's Sigma- 
Series™ — the first general-purpose 
production testing system that per- 
forms a wide variety of analog and 
digital tests, AND serves as a 
programming and control founda- 
tion for all your testing. 


SigmaSeries has a tightly 
integrated hardware/software 
architecture that combines our 


68000-based modular TestStation™ 


and revolutionary TestWindows™ 
software with an IBM PC AT 


computer system. 


Fast reconfigurability: 
SigmaSeries can play any 
position. 

SigmaSeries’ quick-loading 
programs, fully automated signal 


routing, and simplified cabling 
requirements all make changing 


applications one of your routine 
plays. 

Best of all, SigmaSeries can be 
applied to almost any IEEE-488 
instrument configuration, so you can 
use it to control test systems that mix 
SigmaSeries with other instruments. 


Easy test programming: set up 
all your plays with windows. 
The SigmaSeries window 
oriented software can reduce your 
test programming time by up to 
80%. TestWindows gives you a “front 
panel” for each instrument module, 


IN TEST SYSTEM 
AM CAPTAIN. 


and other windows show signal routing of SigmaSeries. And our confidence start winning the manufacturing test 

and the straightforward operator is backed by a 3-year limited game. 

interface. warranty. To see SigmaSeries in action, 
With Test BASIC,™ our So put Summation's SigmaSeries attend one of our seminars. Call or 

extended BASIC language optimized on your production test team, and write Summation for details. 

for test programming, there's no 


faster way to create and document TM 
programs. And TestBASIC’s exten- | 
sive debug capabilities let you moni- | 


tor variables, subroutine calls, and : 

IEEE-488 bus activity. SUMMATION INC. « 11335 NE 122 Way « Kirkland, WA 98034 
. Washington: 206-823-8688 « U.S. Toll-free: 800-423-5652 

You can count on Summation. In Canada: 416-890-2010 « In Europe and Asia, Telex: 152219 


Our customers are already Proving The SigmaSeries is available through most major instrument rental and leasing companies. CIRCLE NO 204 


the value, versatility, and reliability IBM PC AT is a trademark of International Business Machines Corporation. 
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hat’s right, an hour of time 

onthe most advanced on-line 

database available to electronic 
engineers. Advanced, because it’s 
designed by engineers for engineers — 
just the way you would have designed 
it yourself. 

It's called DesignLine’and it gives 
you extensive engineering information 
services for the way you work. From 
finding pin-for-pin replacement parts 
instantly to displaying critical specs. 
From ordering complete CAD/CAE 
libraries for your engineering work- 
station to accessing popular simulation 
and analysis tools. DesignLine does 
this and more, all at your terminal 
or personal computer. 

And It’s all yours for one hour, 
absolutely free. 

Were glad to give you an hour on- 
line to let you see how much time you 
can save using DesignLine. 

For example, now you can stop 
wading through bulky data books, risk- 
ing outdated product catalog specs 
and suffering through long internal 
development times.With DesignLine, 
you ll find parts faster—either by part 
number or description. You'll have 
a comprehensive, continuously up- 
dated database. And you'll be able to 
display schematic symbols, package 
outlines and mechanical drawings. 

Of course, this is only asample 
of our services and constantly expand- 
ing data.So whether you're already 
looking for an on-line database or 
interested in what it can do for you, 
grab the phone and call our toll-free 
number for your password and free 
starter kit to see the rest. 

Because all of this, and more, is 
already waiting for you. 


S tntageates Circuze 


(In California, 
call 800- 
632-7979) 


Limited offer. 


PLP Tfil, (Ol, 


Engineering Information Services 


A Division of Ziff-Davis Technical Information Company 
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_ complete appictens encod 
_ with all the facts and all the help y 


Annitsu 
Presents 
Spectrum 


Analysis 
That’ S 


Simply 
Unforgettable 
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MS710C Spectrum 
Analyzer 

No more writing down results. 
No more sketching waveforms 
on paper. No more grease 
pencil graphics on the CRT grid. 
Why? 

Because Anritsu’s new MS710- 
series Spectrum Analyzers 
actually remember display 
screens for you — up to nine of 
them, in fact. Each one complete 
with waveforms and comprehen- 
sive alphanumeric information 
such as frequency, level, etc. 
Each one ready for recall to the 
CRIT at the push of a button. 
Check and recheck, contrast 
one with another, even compare 


Frequency Range 


Spectrum Analyzer 


the current real-time waveform to 
a Standard in memory. It’s like 
having a file of waveform infor- 
mation always at your fingertips. 
Frequency range is wide, too; 

for instance, our new MS710C 
covers the range from 10kHz to 


~.23GHz (or up to 140GHz with an 


external mixer). It offers signal 
search functions, along with an 
ergonomic front panel that puts 
every control right where it’s 
needed. A special display lists 
key functions right on the screen: 
it's virtually a built-in operator’s 
manual! 

Can't get the MS710C out of 
your mind? Contact Anritsu 

for further details. 


Frequency Range 
with External Mixer 


Frequency Stability 
(6.5GHz) 


10kKHz~30MHz, 


MS710C 1{00kH2~23GH2 30kHz 18~140GHz 
MS710D 100kKHZ~23GHz 1 MHz 18~140GHz 
MS710E 100kKHz~23GHz 30kKHz ~ 


MS/10F 100kKHZ~23GHz 


WE’ RE ON THE MOVE. WORLDWIDE. 


ANRITSU CORPORATION 10-27, Minamiazabu 5-chome, Minato-ku, Tokyo 106, Japan Phone: 03-446-1111 Telex: 0-242-2353 ANRITU J ANRITSU AMERICA, INC. 15 Thornton Road, Oakland, NJ 07436, 
U.S.A. Phone: 201-337-1111 Sales & Service 1-800-255-7234 Telex: 642-141 ANRITSU OKLD ANRITSU EUROPE LIMITED Thistle Road, Windmill Trading Estate, Luton, Beds, LU1 3XJ, U.K. Phone: 
(STD0582)418853 Telex: 826750 ANRSEU G ANRITSU ELEKTRONIK GmbH Uhlandstrasse 9, D-4000 Disseldorf 1, F.R. Germany Phone: (0211) 682424 Telex: 8584904 ANRID ANRITSU ELETRONICA S.A. 
Av. Passos, 91-Sobrelojas 203/205-Centro, 20.051-Rio de Janeiro-RJ, Brasil Phone: 221-6086, 224-9448 Telex: 2131704 ANBR BR 
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JUST LIKE THE 
OP-07. 

UT 2.5 TIMES 

BETTER. 


THE MAX400 VS. EVERYTHING ELSE. 


Vos (MAX) 
+25°C 


OUR OP-07 IS BETTER, TOO. 


The table tells you everything you need to know about Maxim's 
MAX400. What it doesn’t tell you about is our OP-07. 

It’s up to 30 times more reliable than everybody else’s. That's 
because our OP-07, like the MAX400, is burned in at 150°C for at 
least 24 hours (the equivalent of 4,000 hours at 70°C). Absolutely 
free to you. 

So for the best op amps your money (or anybody else’s) can 
buy, call your Maxim representative or distributor today. 

Maxim Integrated Products, 510 N. Pastoria Avenue, Sunnyvale, 
CA 94086, (408) 737-7600. 


MA AAIL/VI 


Distributed by Hall-Mark, Pioneer, Graham, Diplomat and Bell. Authorized Maxim Representatives: Alabama, (205) 536-3044; Arizona, (602) 860-2702; 
California, (408) 727-8753, (619) 279-0420, (714) 739-8891; Colorado, (303) 841-4888; Connecticut, (203) 269-7964; Georgia, (404) 448-1215; Idaho, (503) 620-1931; Illinois, 
(312) 956-8240; Indiana, (317) 849-4260; lowa, (319) 377-8275; Kansas, (316) 838-0884; Maryland, (301) 583-1360; Massachusetts, (617) 444-8071; Michigan, (313) 499-0188; 
Minnesota, (612) 941-7181; Missouri, (314) 291-4777, (816) 356-6340; Montana, (503) 620-1931; New Hampshire, (603) 772-3300; New Jersey, (609) 933-2600; New Mexico, 
(505) 884-2256; New York, (516) 543-0510, (716) 385-7744; North Carolina, (919) 847-8800; Ohio, (216) 659-9224, (513) 278-0714, (614) 895-1447; Oklahoma, (918) 664-0186; 
Oregon, (503) 620-1931; Eastern Pennsylvania, (609) 933-2600; Western Pennsylvania, (513) 278-0714; South Carolina, (803) 233-4637/8; Texas, (214) 647-8225, 

(512) 331-7251, (713) 537-7717; Utah, (801) 266-9939; Washington, (206) 453-8881; Wisconsin, (414) 476-2790. Canada, (416) 238-0366. 


International Representatives/Distributors: Australia, R&D Electronics Pty. Ltd., 61-3-288-8233/62, 61-2-439-5488; Austria, Transistor Vertreibsges M.B.H., (0222) 
82-9451: Belgium, MCA Tronix, 041/674208; Denmark, Nordisk Elektronik A/S, 02-84-2000; Finland, Turion, (90) 372-144; France, Valdix, (6) 920-26-06; Hong Kong, 
Tektron Elect (HK Ltd.), 3-856199; India, Mahlar Corp., Bangalore, 564464; Israel, Unitec Universal Tech. Ltd., 052-555053; Italy, Micro Elit S.R.L., 46-90-444, Esco Italiana 
S.PA., (02) 2409241/51; Japan, Maxim Japan Co., Ltd., (03) 232-6141, Microtek Inc., (03) 363-2317, Dai-Nichi Seigyo Kiki Co., Ltd., (03) 265-7381, Maruei Shoji Co., Ltd., 

(03) 0422 54-6800, Sil-Walker, Inc., (03) 341-3651, Internix, (03) 369-1101; Korea, Dow Technology, 82-2-556-5063; Netherlands, Techmation Elect. B.V., 04189-2222; 
Norway, Nordisk Elektronic (Norge) A/S, (02) 846210; South Africa, South Continental Devices (PTY) Ltd., 789-2400; Spain, Anatronic, S.A., 242-44-55, 242-55-66; 
Sweden, Scancopter AB, 08-761-78-20; Switzerland, Laser & Electronic Equipment, 01-55-33-30, 022-425-677; Taiwan, World Peace, (2) 7212154/5/6; United Kingdom, 
Maxim UK Ltd., 07-357-5255, Dialogue Distribution, Ltd., 0276-682001, Thame Components, Ltd., 084-421-4561; West Germany, Spezial-Electronic KG 05722/2030, 
089/429333, 07961/4047, SemTech GMBH, 0911-831003. © 1986, Maxim Integrated Products. Maxim is a registered trademark of Maxim Integrated Products. 
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TECHNOLOGY UPDATE. 


Advances in flat-panel-display technology 
improve display features and cut prices 


J D Mosley, Regional Editor 


The R&D dollars that flat-panel- 
display manufacturers have spent 
over the past two years are finally 
bearing fruit: Prices are falling, the 
displays are more readable thanks 
to higher resolution and sharper 
contrast, and a few color displays 
are now available. In addition, you 
can order some units according to 
your custom specifications. 

Although CRTs continue to domi- 
nate the market for computer moni- 
tors, flat-panel displays remain un- 
surpassed for applications that have 
power-supply or weight restric- 
tions. Moreover, the flat-panel dis- 
plays can tolerate electromagnetic 
interference and wide temperature 
fluctuations. Furthermore, flat pan- 
els can withstand rough treatment 
that would destroy a CRT. 

Manufacturers continue to extend 
the basic flat-panel technologies— 
liquid crystal, vacuum fluorescence, 
electroluminescence, and gas dis- 
charge—to produce low-cost and 
highly readable screens for industri- 
al, military, and portable applica- 
tions. Each of these display techno- 
logies differs from the others in 
benefits and features. 

Flat-panel displays are divisible 
into two general categories: passive 
and active displays. Liquid-crystal 
displays (LCDs) are the only repre- 
sentatives in the passive category, 
and they are the least expensive 
kind of flat-panel display. They rely 
upon reflected ambient light for 
visibility. 

In contrast, active—or emissive 
—displays generate their own light 
and serve well in applications that 
have traditionally employed CRTs. 
Displays of this type include gas- 
discharge (ac and de plasma) units, 


EDN September 4, 1986 


\ 


mt 


Full-color TFT LCDs are current 


ly available from Epson, which uses the displays in its © 


pocket TVs. Each pixel lights a red, blue, or green filter to generate the desired color. 


electroluminescent (EL) displays, 
and vacuum-fluoresent displays 
(VF Ds). Like CRTs, many of these 
displays can be hard to read in very 
bright environments or in direct 
sunlight. Furthermore, each of 
these active displays emits light in a 
different color: EL displays produce 
an amber glow; VF Ds offer a blue- 
green display; and plasma displays 
emit a red-orange light. Techniques 
such as filtering and the use of dif- 
ferent phosphors can provide alter- 
natives to the standard display 
hues. 

The low cost of LCDs makes them 
an attractive initial consideration 
for any design engineer who has 
chosen to employ a flat-panel dis- 
play. The fact that LCDs rely upon 


reflected ambient light for visibility 
can either be a boon or a problem: 
These displays are an excellent 
choice for viewing in direct sunlight, 
but it’s difficult to read them in 
low-light situations because the con- 
trast ratio between the pixels and 
the background decreases as ambi- 
ent light diminishes. As the size of 
an LCD increases, the ability to 
multiplex the driver circuitry re- 
duces that circuitry’s cost and com- 
plexity, but contrast ratios fall off in 
multiplexed displays, because a re- 
duction in the voltage differential 
diminishes the intensity of the dis- 
play. 

Epson Corp is working on three 
methods of improving LCD contrast 
ratios. The first is an active-matrix 
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From a world leader in VF technology... 


VF DOT MODULES WITH 
-STATE-OF-THE-ART INTELLIGENCE 
BY FUTABA 


_ With Futaba’s new intelligent VF module system, our design and manufacturing capability, 
of display and module package alike, translates into cost-efficient benefits for you: 


@ Time-Proven Display 
and Circuit Assembly 
Experience—Since we 


@ Easy User Interfacing 
—Only a5 VDC power sup- 
ply is required for these 
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manufacture both the dis- may A ti oH A) products. Users will also 
play and the module, our tential 2/7 )))y, ie appreciate having both 
experience in circuit design, ee ER ENBIE ES? Ld parallel and serial data input 
software, board assembly 0 SE en ports already on-board. 


and packaging enables us to 
back our products with in- 
depth, knowledgeable 
Service. 


£4435 


@ Long Unit Life with 
High Reliability—Fewer 
components on-board and 
surface-mounting decrease 
the service requirements fo! 
Futaba modules, while in- 
creasing unit life with high 
performance reliability. 


@ Competitive Pricing— 
At Futaba, turnkey design 
and production of our VF 

_ modules eliminate a second 
manufacturer's cost to you. 


@ Space-Efficient Pack- 


Futaba display modules are aging—Surface-mounted PLUS. ..you get the inherent 
very price-competitive,asa components, coupled with benefits of vacuum fluores- 
result, making them more proven Futaba assembly cent technology. ..high 
feasible for many applica- know-how, result in a very brightness, high contrast, 
tions which were not pre- space-efficient unit for your Superior readability and 
viously cost-effective. design. excellent viewing angle. 


1x20 .20” 6.3" x 1.97’ x.73 
1x20 344” 7.’ 2.16" x .6&’ 


peeeenn ieannnrnony 1x40 .20” 9.45”x 2.16” x .88’ 
: . 1x40 .344" 9.45" 2.16” x .88’ 


2x20 20” 6.7" x2.56” x.90’ 


2x40 .20” 10.43”x 2.56” x .90’ 
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For state-of-the-art display modules, industry knows only one name, 
Futaba Corporation of America. 


Please contact Futaba directly at 312-884-1444 
or your local Futaba representative: 


FUTABA 


Corporation of America 

Electronic Components Division 

Futaba Corporation ® 711 East State Parkway ® Schaumburg, IL 60195 
Phone: 312-884-1444 @ Telex: 23-206833 @ Fax: 312-884-1635 

CIRCLE NO 144 


Flexible enough to customize your application-specific active- 
display designs, the dc EL techniques used to produce Sigmatron 
Nova’s flat-panel displays give you fast turnaround and low NRE 


charges. 


technique that uses thin-film tran- 
sistors (TFTs) or metal-insulator- 
metal (MIM) diodes to control the 
voltage applied to each pixel. The 
contrast ratios of the resulting ac- 
tive-matrix multiplexed displays 
can actually surpass that of a non- 
multiplexed LCD. With the addition 
of a fluorescent backlight, the con- 
trast improves even more, although 
the fluorescent materials currently 
in use (powdered phosphors) have 
very short life spans of about 50 
hours, and they consume an addi- 
tional 5W. 

TFT-based displays feature 60° 
viewing angles and an 80-msec re- 
sponse time. Contrast ratios are 
greater than 10:1, and these dis- 
plays are well suited to gray scal- 
ing. Products based on TFTs are 
available now, and one member of 
the family is a full-color TFT LCD. 
A 5.13-in.-diagonal version of this 
color display ranges in price from 
$3000 to $7000. TFT LCDs in gener- 
al are relatively expensive, averag- 
ing 2.2 to 2.5 times the cost of 
reflective twisted-nematic (TN) 
LCDs that are comparable in size 
and resolution. 

Displays incorporating MIM ac- 
tive matrices are easy to fabricate, 


EDN September 4, 1986 


Fig 1—Twisted-nematic LCDs use molecules that act like a valve 


Inc) 


requiring only two or three photo 
masks and using a sputtering pro- 
cess to deposit the metal film that 
creates the diodes. The TFT fabri- 
cation process involves four photo 
masks, and each transistor is inte- 
grated on the same substrate as the 
display. Although it’s more difficult 
to manufacture TFT LCDs, the dis- 
play package is more compact than 
that of a comparable MIM display, 
and the switching characteristics of 
the TFT's provide better image 
quality. No MIM devices are com- 
mercially available as yet. 


Twisted light boosts contrast 


The second method used by 
Epson to improve contrast ratios is 
actually an extension of T'N technol- 
ogy, the basis of most of today’s 
LCDs. Standard TN LCDs are com- 
posed of positive nematic materials 
whose molecules are not arranged in 
distinct layers. The liquid-crystal 
molecules act like a valve, twisting 
incoming light 90° so that the light 
can pass through the display’s pola- 
rizers (Fig 1). To “turn on” a pixel, a 
voltage applied to the LCD’s elec- 
trodes aligns the molecules, elimi- 
nating the twist and allowing the 
polarizers to block the incoming 


to increase contrast ratios for brighter, sharper displays. These 
molecules twist the light 90° so that it can pass through the display’s 
polarizers (a). Upon application of a voltage to the LCD’s electrodes, 
the molecules align themselves, eliminating the twist, and the 
display’s polarizers block the light (b). (Courtesy Epson America 


light. The twist also produces a 
sharp threshold voltage to prevent 
pixels from being partially turned 
on in multiplexed displays. 

TN displays have low operating 
voltages of 3 to 5V and can use 
inexpensive, low-voltage driver 
ICs. As little as 0.1 pW can light a 
TN LCD pixel, making these dis- 
plays suitable for battery operation. 
The low power consumption also 
gives the crystal material a long life 
expectancy. A 640x200-pixel, 11- 
in.-diagonal TN display from Epson 
costs $200 to $300. 

By changing the liquid-crystal 
material, Epson has developed a 
supertwisted nematic display. Just 
as a TN display’s 90° twist increases 
the contrast ratio, a supertwist dis- 
play’s 270° light twist further im- 
proves the display’s readability by 
more precisely defining the thresh- 
old voltage. Like its standard TN 
counterpart, a 640x200-pixel, 11- 
in.-diagonal, supertwisted display 
costs $200 to $300. Company offi- 
clals believe, however, that the 300- 
msec response time for both super- 
twisted and standard TN displays is 
unacceptably slow for high-resolu- 
tion graphics and animation. Fur- 
thermore, fabrication of super- 
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Fig 2—Using dichroic dyes to eliminate the need for polarizing 
lenses, this LCD from Polytronix makes better use of available light 
than do traditional LCDs. Note the highly customized shape, colora- 


tion, and layout of the display. 


twisted displays involves an 
expensive, oblique evaporation pro- 
cess and adherence to very precise 
physical tolerances. 

Epson is developing a third tech- 
nique, one that uses ferroelectric 
smectic materials, which are gener- 
ally referred to as Smectic C. In 
theory, an electrical field controls 
the polarization of these crystalline 
materials, providing significantly 
improved response times and supe- 
rior image quality. 


Dichroic LCDs dump polarizers 


One company, Polytronix, has 
chosen to eliminate the use of pola- 
rizers altogether in some of its de- 
vices. By definition, polarization 
cuts an LCD’s light by 50% and 
limits the viewing angle. Using 
phase-change dichroic technology, 
Polytronix employs dyes that look 
dark on one axis and clear on anoth- 
er, and it mixes them with the liq- 
uid-crystal material. The resulting 
displays are brighter and offer a 
complete hemispheric viewing field. 

Dichroic LCDs are only available 
as negative-image displays—light 
characters on a dark field—which 
may take some getting used to. Fur- 
thermore, the gradual threshold 
curve makes dichroics inappropriate 
for high-density displays that would 
require multiplexing. On the plus 
side, dichroic displays can operate 
in temperatures ranging from —10 
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lpi is the distinctive feature of the EL8358-M from 
Planar Systems. The EL display boasts graphics capability that 


rivals the quality delivered by CRT displays. 


to +90°C, using low-voltage 6V 
drivers. If you add heaters—to 
meet the requirements of a military 
application, for example—the dis- 
plays can operate at temperatures 
as low as —55°C, but drive require- 
ments increase to 28V. 

Because the company uses a silk- 
screened photomasking production 
process, you can order inexpensive, 
highly customized displays (Fig 2). 
The use of color filters lets you 
accentuate critical elements of the 
display. Pricing begins at $5 for 
commercial-grade LCDs and at $25 
for military-grade displays with an- 
tireflective coating and integrated 
heaters. 

Compared with passive LCD 
technology, the active technologies 
—electroluminescence, vacuum flu- 
orescence, and gas discharge—are 
brighter, but much more costly. EL 
displays, because they’re solid-state 
devices, offer advantageous envi- 
ronmental characteristics such as 
good shock resistance and vibration 
resistance and operation over a 
wide temperature range. EL dis- 
plays have the lightest weight of all 
flat-panel technologies, and they’re 
easily readable either in direct sun- 
light (depending on the level of mul- 
tiplexing or power supplied for the 
application) or in total darkness. 
Their fast response speed suits 
them well to multiplexing. 

EL panels offer wider viewing 


angles, higher contrast, and better | 
resolution than LCDs. However, 
EL panels consume about 100 times 
more power than LCDs, require 
high driving voltages (greater than 
150V), and cost twice as much as 
LCDs. As a result, these displays 
are better suited to industrial-con- 
trol and military applications than 
to portable, battery - powered 
products. 


Army backs EL development 


Because of its solid-state nature, 
an ac thin-film EL (TFEL) display 
is extremely rugged and reliable. 
TFEL displays with MIL-spec driv- 
er ICs hold up at elevations greater 
than 400,000 ft and withstand pres- 
sure greater than six atmospheres, 
shocks of 100g, and temperatures 
ranging from —55 to +85°C. Degra- 
dation of luminance is less than 
0.3%/°C between 0 and 100°C. Com- 
mercial suppliers report MTBF fig- 
ures in excess of 30,000 hours. 
These factors have led the Army’s 
Electronic Research and Develop- 
ment Command (ERADCOM) to 
concentrate its efforts and re- 
sources on boosting TFEL display 
development, through funding of 
private research and development 
and by rigorous testing of pur- 
chased parts. 

Planar, a major manufacturer of 
ac TFEL displays, makes a 
320 x 240-pixel, 2-color EL monitor 
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REAL-WORLD 
DESIGN SOLUTIONS: 


WHO: Telecom, military, peripheral drivers, testing, industrial, process 
control, HV displays, ultrasound, more. 

WHAT: Standard and custom parts featuring photovoltaic relays and high 
voltage switching circuits (for switching, level shifting, AC to DC 
conversion, sensing, etc.). 

WHY: Replace several discrete parts with a smarter, faster, single-chip 
off-the-shelf solution. Or replace up to a boardful of discretes with a 
custom part. Meets radiation tolerance requirements. 


H SPEED DATA CONVERTERS: 


WHO: Graphics, CAE, computers, video, test equipment, telecom 
equipment, process control, ultrasound, more. 

WHAT: Fast, low power video DACs, flash converters, and quad 
instrument DACs. 

WHY: Unique features, low power, speed advantages, and cost advantages. 


I-CUSTOM ANALOG/DIGITAL ARRAYS: 


WHO: High analog content industrial, military, medical, telecom, EDP, 
data acquisition, handheld terminals, consumer products. 

WHAT: Fast turnaround, low NRE, CMOS arrays that require low power, 
operate to 15V, interface to TTL, NMOS, others, breadboard easily. 
WHY: Drive down board real-estate, power requirements. Improve 
performance, reliability with single-chip solutions. 


OS FETs: 


WHO: High speed analog switches, multiplexers, amplifiers, displays, 
test equipment. 


WHAT: Single, dual, and quad N-Channel enhancement and P-Channel 
enhancement mode devices, plus N-Channel depletion mode improvements 
for 2N5911, 2N5912, others. 

WHY: Higher voltages, higher speed, reduced drift, lower capacitance, 
plus many unique solutions available only from Telmos. . 


GET DATA SHEETS AND DESIGN-IN TIPS FAST. 
LITERATURE HOTLINE: 1-800-550-6661 


In California: 1-800-824-2385. Dept. M13. | 


Or write the Telmos Literature Line, 
3606 W. Bayshore Rd., Suite 203, 


Palo Alto, CA 94303. We i 
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The characteristic gray-scale capabilities of fully populated VF Ds 
are evident in this 320X240-pixel graphics display from Futaba. 


for the US Army. The display has a 
4xX5-in. active-matrix area that pro- 
duces red, green, yellow, and black 
display images. Commercial availa- 
bility of this display isn’t expected 
until the late 1980s. However, Pla- 
nar offers a selection of standard 
TFEL displays featuring a range of 
resolutions starting at 320x128 
pixels. One notable model is the 
E}L8358-M, a 640 x 200-pixel EL dis- 
play with a resolution of 83 lpi. This 
1-lb, 0.55-in.-wide display is de- 
signed specifically for MS-DOS lap- 
top computers. It costs $775 in OEM 
quantities. 

AC thin film is only one technolo- 
gy being pursued by EL manufac- 
turers. Sigmatron Nova, supplier of 
a range of TFEL displays, has of 
late focused its design activities on 
de EL technology, which makes use 
of powdered phosphors. This tech- 
nology readily lends itself to appli- 
cation-specific display designs and 
sizes; use of a mask process, instead 
of the more expensive fixture meth- 
od required in the manufacture of 
TFEL displays, lets the company 
accept small-lot orders that would 
otherwise be too costly to produce. 
Typical nonrecurring engineering 
(NRE) costs range from $10,000 to 
$20,000 for a 3x5-in. active-area 
display. Production costs vary with 
size and volume. 


84 


Cherry Electrical Products is an- 
other company that’s building de EL 
displays. With its 640x200-pixel 
unit, scheduled for introduction this 
fall, the company believes it has 
solved the problem of the short life 
expectancy of the de EL phosphor 
materials. According to the compa- 
ny, estimated brilliance degradation 


A 4-ft? display in a cabinet that’s only 8 in. deep, Lucitron’s Model 
34V-131 uses electrons from dc plasma gas to excite phosphors. 


in its new flat-panel displays is less 
than 30% after 10,000 hours. 
Cherry also expects de EL tech- 
nology to result in high yields and 
low production costs. The fabrica- 
tion of dec EL panels requires only 
one thin-film evaporation and fewer 
critical steps than the fabrication of 
ac EL panels. AC EL panels require 
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On Guard! 
For fast, simple, 
secure DMM 
easurements! 


With true fully guarded inputs, parasitic 
lead voltages and common mode noise 
are completely eliminated from Philips’ 
Ssystem-concept multifunction’ instru- 
ments :the PM 2534, for high accuracy sys- 

em and bench applications,andPM 2535, 

for high accuracy applications demand- 
ing data collection and post processing. 
Other features include: 

Choice of 7 measuring functions (both 
models), front or rear inputs, 61/2-digit 
guarded sensitivity with l1OOnV resolution 
on a300mV measurement or high speed 

1/2-digit measurements at 100 per sec.. 
[EEE-488 interface with simple English 
programming and scanner control ext. 

Data collection, calculation and control — 
additional facilities of the PM2535 -— pro- 
vide: measurement scaling; 10 non-vola- 
tile instrument set-ups; constantly-active 
999 measurement buffer and direct scan- 
ner control without using a computer. 


® Product credibility in technology, tech- 
nique, quality and service is assured be- 
cause both the PM2534 and PM2535 are 
backed by the vast corporate resources 
of one of the world’s largest electronics 
companies. 


Test the difference and you’ll also 
agree that Philips wins on price and 
performance! 


Whntte to: Philips I&E, T&M Department. 
Building HKF/55.5600 MD Eindhoven. 
The Netherlands: 040-78 28 08 
Germany: (0561) 50 14 86 
Great Bnitain: 0223-35 88 66 
France: 01-4830 11 11 
Belgium: 02-525 6692/525 6694 
switzerland: 01-488 22 11 
Italy: 039-3635240/8/9 


PHILIPS 


pHitips) Test & 
Measurement 
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several sputtering steps and are 
substantially more expensive to 
build. Cherry currently offers only 
segmented alphanumeric, numeric, 
and bar-graph EL displays, with 
prices ranging from $12.75 to $61.85 
(500). 

Vacuum fluourescence is the flat- 
panel technology that offers the 
highest display contrast and bright- 
ness characteristics. As is evident 
from Table 1, VFDs can produce 
images that rival those generated 
by a CRT’s display, at a fraction of 
ithe power consumption. Often, a 
single 5V de power supply and less 
than 1A are all you need to energize 
these panels. Accordingly, the driv- 
er ICs for these low-power displays 
are inexpensive as well, bringing 
further reductions in your integra- 
tion costs. VF Ds emit a blue-green 
light that’s exceptionally bright and 
has a broad wavelength; conse- 
quently, they’re amenable to the 
filtering used to produce color dis- 
plays. Like other active flat-panel 
technologies, however, VFDs are 
significantly more expensive than 
either CRTs or LCDs. 

Futaba, a major manufacturer of 
VFDs, builds graphics VFD mod- 
ules that include the necessary sup- 


port electronics to reduce your sys- | 


tem development and integration 
time. An example is the $540 (1000) 
GP1002B08A 320x240-pixel graph- 
ics display, which comes with driv- 


86 


ers, a controller board, and a de/de 
converter: This VFD specs a 
brightness of 60 fL and weighs 2.86 
lbs. The display operates from 5 and 
12V supply voltages. The dot pitch 
is 0.875 mm, and the dot size is 
0.3x0.8 mm. The unit can with- 
stand 4g vibrations and 40g shocks, 
and it operates over 0 to 50°C. The 
GP1002B08A adapts easily to a 
CRT-controller output. Futaba also 
sells a 128x64-pixel graphics mod- 
ule, the GP1005A01A, which specs a 
400-fL brightness level and costs 
$305 (1000). 


Plasma has the big picture 


In the never-ending effort to 
make larger flat-panel displays, ac 
plasma gas-discharge displays ap- 
pear to have taken the lead. Photo- 
nics Technology has produced an ac 
plasma display with a diagonal mea- 
surement of 1.5m—almost 5 ft—and 
comprising a matrix of 2048x2048 
pixels. Developed under military 
contract, the Photonics display is 
merely a predecessor to a 
4096 x 4096-pixel display with a 3m- 
diagonal measurement. Another 
manufacturer, Norden Systems, is 
working on a panel that will incorpo- 
rate more than one million pixels. 

The reason ac plasma is so well 
suited to big-screen applications is 
that the gas’s inherent memory 
characteristics eliminate any need 
for continuous screen refreshing—a 


monumental task in a large screen. 
In addition, plasma gas-discharge 
displays produce bright images 
while consuming one-quarter of the 
power required by a CRT display of 
similar size. 

AC plasma is not the only technol- 
ogy being employed in large dis- 
plays, however. One company, 
Lucitron, has developed a 35-in.- 
diagonal display that uses de plasma 
gas as an electron source to excite 
phosphors—a process that imitates 
CRT operation, but yields a display 
that fits in a case that is 8 in. deep. 
Although the product was devel- 
oped under the auspices of the US 
Naval Ocean Systems Center, the 
company offers this 4-ft?, 256 <352- 
pixel display to commercial custom- 
ers as the $45,000 Model 34V-131. 

Also in the de plasma category, 
but on a smaller scale, is a 640 x 400- 
pixel display from Dixy Corp. The 
unit costs ¥250,000 (approximately 
$1000). You can choose from among 
the 9-in. DO640SB, the 10-in. 
DO640LB, or the 12-in. DO640AB. 
Featuring a horizontal viewing 
angle of 115° and a vertical viewing 
angle of 140°, the products provide a 
full CRT interface and include all 
the required drive electronics. EDN 


Article Interest Quotient 
(Circle One) 
High 503 Medium 504 Low 505 


EDN September 4, 1986 


4SR-5125 R2 


When it comes to thick-film resistor, capacitor and rc networks, Sprague means top 
quality and fast delivery. Anytime. Anywhere. Our precision networks are available 
in SIPs, DIPs and surface-mount packages. We supply industry-standard parts 
and custom designs...at competitive prices. Our new catalog covers brand 
new products: Type 201C Capacitor Networks, 
Type 206C R-C Networks, Series 800 
% Surface-Mount Networks, and molded-case 
SIP Mil Resistor Networks. For pricing or 
applications assistance, call our Customer Service 
? #-® Hotline at 603/883-9774. For our new Thick-Film 
roducts Catalog, RN-126, write to: Technical Literature Service, Sprague Electric Company, 
1 Hampden Rd., P.O. Box 9102, Mansfield, MA 02048-9102. 
Sprague Electric Company, a Penn Central unit. Thick-Film Products Division, 
ashua, NH. World Headquarters, Lexington, MA. 
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More reasc 
Plessey your / 


More indeed. Imagine designing, lay- holding down development costs and still 
ing out and routing the most complex enjoying the swiftest of design turnarounds. 
circuit you can think of. Right on silicon. Plessey MEGACELL already allows 

Imagine doing so in the simplest of you to achieve designs to 25,000+ gates 
languages. Being able to compile large with full custom chip size and packing 
cells like RAM and ROM just the way you density. Clock rates of 100 MHz. And 
want them. And uniting state-of-the-art complete control of the silicon compilin 
ASIC technology with the accessible power process, on your own workstation, in 
of CAE and CAD. your own facility. | 

There’s no need to imagine it. It’s But that’s just the beginning. 
here. It's PLESSEY MEGACELL” A com- Our new 200,000 square foot sub- 
pletely new semicustom design system micron plant is coming on stream, offerin 


that lets you move toward full custom while one of the finest CMOS fabrication capa- 
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SIC company. 


bilities in the world. Allowing us to provide 
you with I-micron design capabilities for 
achieving designs of 100,000 gates or more 
with MEGACELL. 

Just around the corner is a I-micron 
CMOS MEGACELL with up to 100,000 
gates. 90 percent of which will be usable! 

So, if you’re looking for more reasons 
to make us your ASIC company, count 


in the future. And contact the one company 


that will be leading it. Call 1-800-321-0871. 
Or write to Plessey Semiconductors, 
3 Whatney, Irvine, CA 92718. 


Outside the U.S. call SWINDON 
0793) 36251. Or write to Plessey 
Semiconductors Limited, Cheney Manor, 
Swindon, Wiltshire, United Kingdom 
SN2 2QW. In Brussels, Belgium (02 
7339730; Les Ulis, France (6) 4462345; 
Munich, Germany (089) 23620; and Milan, 
Italy (02) 390044/5. 


© PLESSEY 


ASIC from thought to finish. 


Plessey and the Plessey symbol are trademarks of the Plessey Company ple. 


FOR FREE ON-LINE INFORMATION, dial 1-800-345-7335 with any 80-column ASCII terminal or PC and a 300 or 1200 baud 


modem (EVEN or IGNORE parity, 7data bits, 1 stop bit). At “Enter Response Code? Type GR8ASICS. In Conn. Dial (203) 852-9201. 
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American Automation has 
designed more emulators than C Language for selected 


Intel or Motorola, more than processors. Count on American 
Hewlett Packard or Tektronix, | Automation software. 

more than anyone. Count on Count on EZ-PRO from 
American Automation's American Automation for the 
emulator experience. features you need for your proj- 


For each EZ-PRO emulator, _ ects, including Deep Tracey™ 
American Automation provides 4,096 real-time events, 256 


complete software support: break-points with zoning, 

macro cross-assembler, complex triggering, on-line 

linker, symbolic debugger. assembly/disassembly. 
EZ-PRO 2.1* SUPPORTS: 


8031 Motorola: 


8032 
8035 6800/B00 
8039 6801 
R044 6802/B02 
146805E2 
8048 
8049 6803 
8050 6808 1802 
8051 68B08 1805 
8052 6809/09E 1806 
8085 A/A-2 68B09/BO9E CDP6805C4 
8086 68HC11-A8 CDP6805D2 
68000 CDP6805E3 


8088 
68008 
ene 68010 


80188 
80286 


*Connected to PC 
ee AND MORE. with MSDOS 3.1 


2651 Dow Avenue, Tustin, California 92680 (714) 731-1661 


. IBM is a trademark of 
Telex II: 910-595-2670 AMAUTO TSTN iateninica Busine ss Ma ines tne 
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ADEE East ’86 sessions, courses, workshops 
stress practical CAD/CAE applications 


Steven H Leibson, 
Regional Editor 


This year’s Automated Design and 
Engineering for Electronics confer- 
ence—ADEE East ’86—takes place 
at the World Trade Center on Com- 
monwealth Pier in Boston from Sep- 
tember 30 through October 2 and 
emphasizes the practical aspects of 
today’s CAE and CAD systems. Fif- 
teen sessions, two full-day short 
courses, two 38-hour tutorial work- 
shops, and two panel discussions 
offer you the opportunity to learn 
how to efficiently select, acquire, 
and use CAD and CAE systems to 
design ICs, pe boards, and electron- 
ic systems. In addition, more than 
60 exhibitors will display CAD/CAE 
tools and products. 


Five tracks guide you 


To help you decide which events 
to attend, show organizers have 
grouped the programs according to 
five tracks: investigation and acqui- 
sition, circuit/system implementa- 
tion, circuit verification, designing 
for manufacturability, and system 
administration. If you’re just start- 
ing to consider and evaluate CAD 
and CAE systems, you might be 
interested in the investigation and 
acquisition track; it’s designed to 
aid initial planning. This track in- 
cludes three sessions, the two dia- 
logue panels, and one workshop. 

The sessions are entitled “Meth- 
ods for acquiring CAE/CAD sys- 
tems” session 4, “Issues in CAE 
hardware selection” session 10, and 
“Integrating the elements of a PC- 
based engineering workstation for 
CAE/CAD” session 15. 

“Methods for acquiring CAE/ 
CAD systems” will show you how to 
assess your CAD/CAE needs and 
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present options for obtaining and 
financing a system. This program 
will present four papers: “Evaluat- 
ing the need for a CAE system,” 
“How to justify CAE equipment 
considering the tax law changes,” 
“The advantages of renting and 
leasing,” and “Investigating used 
CAD/CAE equipment.” Speakers 
from Valid Logic Systems, Future- 
Net, Orion Instruments, and Daisy 
Systems, in “Issues in CAE hard- 


ware selection,” will read papers 
that will help you review your hard- 
ware choices, which may range from 
PC-based systems to mainframes. 
“Integrating the elements of a PC- 
based engineering workstation” will 
explore the limits of CAE products 
available for use on low-cost person- 
al computers. 

In the investigation and acquisi- 
tion track’s workshop, Leonard 
Marks, director of mechanical engi- 
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neering at Northrop’s Defense Sys- 
tems Div, will teach “CAE/CAD 
system selection, acquisition, and 
utilization.” At this workshop, you'll 
be able to obtain specific informa- 
tion about CAD/CAE system hard- 
ware and software availability, limi- 
tations, selection, installation, 
training, and system management. 

CAD and CAE users will staff one 
of the dialogue panels; vendors will 
chair the other. In the first dialogue 
panel, “The challenge of design au- 
tomation: What users want from 
vendors,” several CAD/CAE users 
will present problems they encoun- 
tered using their design-automation 
systems, as well as present needs 
currently unfulfilled by their sys- 
tems. The next afternoon at the 
second dialogue panel, “Achieving 
automated design: Vendors re- 
spond,” manufacturers of CAD/ 
CAE systems will address the prob- 
lems voiced by members of the first 
panel. 


Craft VLSI designs 


The single session in the circuit/ 
system-implementation track is “A 
craftsman’s guide to VLSI design 
styles and tools.” Session 11 will 
contain two case studies: Ken Kara- 
kotosios from Silicon Compilers Inc 
will present “Designing a parallel- 
processor communication controller 
using silicon compilation,” and Wil- 
liam C Pearson from IBM’s General 
Technology Div will present “Hy- 
brid gate array—a case study.” In 
addition, three other speakers will 
address the general problems of 
timing verification, placement and 
routing algorithms, and automatic 
layout. 

The track’s short course, “VLSI 
gate-array design technology,” 
serves as an introduction to gate 
arrays; the workshop, “Computer- 
ized methodologies for printed-cir- 
cuit-board design,” assumes that 
you have purchased a printed-cir- 
cuit design system and leads you 
through the process of turning that 
system into a productive resource 
through training, part and symbol 


standardization, and system man- 
agement. 

The circuit-verification track in- 
cludes four sessions, three of which 
involve surveying available tech- 
niques for logic and fault simulation. 
Session 1 is entitled “Application- 
specific hardware vs general-pur- 
pose accelerators for design verifi- 
cation”; session 5 is designated 
“Advanced analysis techniques for 
analog circuit design”; and session 8 
is named “Assessing the need for 
and practicality of fault simulation.” 

Speakers at session 1 will debate 
the relative merits of application- 
specific hardware accelerators, 
which increase the performance of 
one specific task (such as simula- 
tion) by one or two orders of magni- 
tude, vs general-purpose accelera- 
tors, which speed several tasks but 
offer less improvement in perfor- 
mance for each task. Session 5 will 
explore the capabilities of current 
analog simulators; six speakers will 
present papers on analog models, 
their accuracies, and optimizations. 
You'll also hear case studies about 
models for a current-mode convert- 
er, a resonant power converter, and 
a 2N8906 transistor. If you want 
information on fault simulation, con- 
sider session 8. It starts with a 
presentation by Andy Rappaport 
from the Technology Research 
Group on “Why fault simulation is 
more important than most design- 
ers think.” 

A fourth session in the circuit- 
verification track, “Eliminating the 
roadblocks to testability” (session 
13), will help you identify circuit 
testability problems, show you how 
to design circuits for testability, and 
advise how to link your automated 
design tools to test systems. 

The designing-for-manufactura- 
bility track is new this year for 
ADEE East and includes two ses- 
sions. Session 3, “Designing for 
manufacturability with PCB/CAD,” 
will highlight the pce-board design- 
er’s ability to affect a circuit board’s 
manufacturability. Speakers will 
address automated board design 
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ILICON SYSTEMS’ NEW 
READ DATA PROCESSOR CHIP BREAKS 
THE PRICE/PERFORMANCE BARRIER 


Mem and RLL Capability at Data Rates 
up to 15 Mbits/sec 

Now Silicon Systems introduces the SSI 
541—the industry's most advanced Read 
Data Processor chip for hight performance 
disk drive applications. Its high level integra- 
tion allows it to perform both amplitude and 
time pulse qualification for MFM and RLL 
encoded systems—and do it all at data rates 
up fo 15 megabits per second. 


Complete Integration of High Perform- 
ance Functions 

Packed inside of the 541 are all these high 
performance functions: a wide dynamic 
range AGC amplifier, a dual rate AGC 
charge pump, an active differentiator, an 
adjustable hysteresis comparator, a feed- 
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forward hysteresis control circuit, and a 
gating circuit with output width control. By 
utilizing amplitude and time pulse qualifica- 
tion, the 541 is able to gate out shouldering 
induced noise errors in a high resolution 
disk drive system. 


Costs Less to Buy, Less to Apply— Re- 
ducing the User's Part-Count and Size 


The 541’s complete integration of the read 
data processor functions cuts down on the 
users part- count and manufacturing costs, 
while boosting reliability and saving real 
estate. Even with its high performance and 
cost-saving benefits, the 541 costs less when 
you buy it and far less when you apply it. 

The SSI 541 is designed for application in 
high performance MFM and RLL encoded 


sf silicon cal 
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media or thin film heads, and disk drives 
that offer advanced interface standards. 


Price and Availability 


Silicon Systems also offers a very low 
cost sister chip to the 541. It is the SSI 540 
with a time domain filter that makes it an 
optimum solution for low cost, low resolution 
systems. Both devices are available in pro- 
duction volumes now. In OEM production 
quantities, the SSI 541 is priced under $10, 
and the SSI 540 is priced under $5. 

For complete product information, call us 
now, or send for more information. 


Silicon Systems, 1435] Myford Road, Tustin, 
CA 92680. (714) 731-7110, Ext. 575. 
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and manufacturability guidelines 
for CAD systems as well as the 
impact of high-density VLSI on pc- 
board design and the use of CAD 
plus CIM to create manufacturable 


designs. 
Session 9, “Design tools for con- 
trolling electrical performance 


of high-density printed-circuit 
boards,” will offer six speakers and 
papers on tools for ECL circuits, 
high-speed VLSI designs, and 
board-level interconnection 
schemes. You’ll also hear how to 
control your board’s electrical per- 
formance through design and manu- 
facturing tolerances, laser photo- 
plotting, and board-level simulation. 

The system-administration track 
is designed to help you keep the 
CAD and CAE tools you already 
have or will soon acquire efficient 
and productive resources. S H 
Chasen, a senior consultant at Lock- 
heed, will teach the short course 
“Perspective on CAM, CAD, CAE, 


and CIM: Strategies, critical issues, 
and latest developments.” Chasen 
will focus on strategies for manag- 
ers responsible for integrating auto- 
mated design and manufacturing 
tools into their organizations. 

The five sessions in this track are 
session 2, “Database applications 
for CAE/CAD”; session 6, “Docu- 
mentation and technical publication 
in the CAE environment”; session 
7, “Design interface standards: Fact 
or fiction?”; session 12, “Open archi- 
tecture for CAE tools”; and session 
14, “Computer networking for de- 
sign-automation support.” 


Determine status of standards 


“Design interface standards: Fact 
or fiction?” will include three pres- 
entations by representatives of the 
IPC, IGES, and EDIF electronics- 
design standards committees, fol- 
lowed by speakers who will offer 
users’ perspectives on the three 
standards. At “Open architecture 


for CAE systems,” Roberta Gray 
from Sun Microsystems, the compa- 
ny that originated the NFS open- 
architecture file system, will speak 
on “Open systems: Standards and 
strategies.” Also, Harley Horsager 
from Zycad will present a paper on 
‘Hardware accelerator open archi- 
tecture.” 

Session 14 will include case histo- 
ries of networking experiences at 
Honeywell, Sperry, and Gould, as 
well as tutorial papers on increasing 
productivity through networked en- 
gineering design systems and multi- 
vendor networks. EDN 
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The image quality 


demonstrated here is re- 
quired by your customers... 
and will be appreciated! They 


Large Image Area 


expect THE BEST from original 
equipment manufacturers. 


You can provide it! While 


other video monitor venders 
Claim, ‘about 100 + MH2"’ 


video bandwidth, * Video 
Monitors, Inc. provides it! 


While other vendors claim, 
full gray-scale color Ccapabill- 


ty,'’ VMI delivers it! 


And if your customers or 


you need semi-custom or 


custom designs, VMI can pro- 
vide this service. These are 
just a few of the reasons why 
Video Monitors, Inc. should be 
your supplier of very high 


resolution monitors. 


3933 North White Avenue 
Eau Claire, Wisconsin 54703 
(715) 834-7785 
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DATA RAIEO | 
Ta - Every year since 1964, Sertry testers have 
| - opened doors to the unknown. 
| __ But every year, the unknown changed. — 
| Sodid we, pushing testing to new limits. _ 
oa. We drove data rates from 5 to 100 MHz. 
| We boosted pin counts from 60 to 512. We — 
| introduced the first local memories. 
— And wrote ATE history, 
This year 4 testers are pushing new limits. 
The 550 delivers 100 MHz data rates on - 
| 512 pins and the most curate timing yet ina 
-digitaltester : 
em oS designed witl 00K ECL. sate. arrays, 
cS ~ high-performance hybrids and SMDs. - 
‘0 our economical S15 production tester _ : 
y tester to handle 32 devices parallel at 30) MHz— — 
aadie. a 
ESP. and parallel processing in our $80 analog 
| mixed signal testing. - | - 
a ‘them speed, signal ata and stability 
oe In considerably less space than the Ponipetion. ; : 
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Family of software packages and computers 
addresses many engineering design problems 


The Design Center is a collection of 
software programs running on HP 
9000 Series 200, 300, and 500 work- 
stations and the HP Series 9000 
Model 840 superminicomputer. The 
programs are suitable for analog- 
and digital-circuit schematic cap- 
ture and simulation, pc-board de- 
sign, microprocessor software de- 


velopment and_ debugging, 
mechanical design, and document 
preparation. 


The $12,000 Model 74210 design- 
capture program supports schemat- 
ic capture for analog and digital 
designs. You can also run a version 
of the design-capture system on the 
HP Vectra personal computer and 
the IBM PC/AT. The system gene- 


rates a database and net list, which 
the Model 74280S digital-design 
verification system (Hilo-8 simula- 
tor based) can use, or which the 
Model 74610A Analog Workbench 


(Spice 3 based) can use for simulat- 
ing analog designs. Model 74230S 
costs $18,000; Model 74610A costs 
$14,500. 

Once your design is captured and 
simulated, you can design pc boards 
on the Model 74400 printed-circuit 
design system program; it includes 
an automated router and costs 
$60,000 to $82,000, depending on 
which workstation and options you 
select. Other Design Center pack- 
ages include interfaces to the 64000- 
UX development system and 3065T 
board-test system. 

Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 7 
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CAE software for IC and 


pc-board designs 


runs on variety of computer platforms 


You can design both integrated cir- 
cuits and pe boards with this line of 
CAE software programs, which 


runs on the IBM PC, MicroVAX, 


and VAX computers. The software 
tools include modules for schematic 
capture, hardware compilation, net- 
list postprocessing, timing verifica- 
tion, and logic simulation, as well as 
pe-board design, automatic routing, 
design-rule checking, and technical- 
document preparation. 

The core $5200 CT2000 CAE de- 
sign system for the IBM PC com- 
puter family includes a structured 
graphics editor for schematic cap- 
ture and other graphics, a Scald- 
based hardware compiler, a net-list 
postprocessor, a firmware compiler 
for defining ROMs, a _ hard-copy 
postprocessor for plotting, and a 
standard component library. Simi- 
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lar packages for the MicroVAX and 
VAX computers are the $11,900 
CT4000 and $12,500 CT10000, re- 
spectively. 

You can use a Tektronix 4100 Se- 
ries graphics terminal on the 
CT10000 or purchase the company’s 
$2500 G Term/E Term graphics-ter- 
minal emulator for the IBM PC, 
which operates with both the VAX 
and MicroVAX computers. Addi- 
tional modules for the CT2000 in- 


clude a $3500 CT2600 Scald-based 
timing verifier and a $4250 Cadat- 
based simulator. MicroVAX ver- 
sions of the timing verifier and sim- 
ulator cost $7500 and $22,000, 
respectively. A VAX version of the 
timing verifier costs $12,500, and 
VAX versions of the simulator 
range from $50,000 to $100,000, de- 
pending on which model VAX you 
have. 

A $4250 CT2400 pc-board-layout 
system for the IBM PC includes 
automatic-placement and packaging 
modules. Two auxiliary modules for 
the CT2400 are the $500 design-rule 
checker and the $5500 CT2500 auto- 
mated router. 

Case Technology Inc, 633 Menlo 
Ave, Suite 250, Menlo Park, CA 
94025. Phone (415) 322-4057. 
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-Acomplete, fully-integrated electronic © 
design system. Running on one of the 
world’s most popular engineering 
computers. Imagine what you could 
do with a tool like that. 

And it’s just one phone call away. 
Than KS to eons 
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_ Our unique Designers Database that 
lets you partition your design, making 
team engineering a reality. The open 


architecture design of the database also 


allows you to interface any of your 
existing tools with our WorkSystems. 
So your prior investments in hardware 
and software are protected. 

For all their power, Tektronix Work- 
Systems are surprisingly easy to learn, 
easy to use. And they're backed by the 
kind of service and support programs 
that you've come to expect from 
Tektronix. 
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computer into 
| design and test syst 


If you haven't selected your CAE 
tools yet, let us help you put together 
the best system for your needs. Or if 
you already have a DEC MicroVAX II" 
VAXstation Il, VAX 11/750, VAX 11/780 - 
or VAX 8600, let us turn it into a Tektronix 
Aided Engineering tool right now. 

Either way, the right buttons to push 
are 800/547-1512 (in Oregon, 800/ 
§42-1877). Or write Tektronix, CAE 
Systems Division, 

5302 Betsy Ross 
Drive, Santa Clara, 
CA 95052. 
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WorkSystem is a trademark of Tektronix. 
DEC, VAX, VMS, and MicroVAX are trademarks of Digital 


Equipment Corporation. COMMITTED TO EXCELLENCE 
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Low-cost CAE software package for IBM PC 


handles sini pce design, simulation 


The $975 EE Designer CAE soft- 
ware package runs on IBM PC and 
compatible computers and supports 
schematic capture, circuit simula- 
tion, pe-board layout, and artwork 
generation. The program runs with 
the IBM color-graphics adapter, the 
IBM enhanced-graphics adapter, or 
the Tecmar graphics master, as well 
as a range of graphic-input devices, 
including several mice and graphics 
tablets. In addition, it supports 
hard copy on Houston Instrument, 
HP, Roland, Caleomp, and Hitachi 
plotters and several dot-matrix 
printers. You need a minimum of 
512k bytes of RAM to run the soft- 
ware (640k bytes for systems that 
use the EGA display adapter). 

The program’s schematic drafter 
provides automatic packaging of 


gates, pin numbering, and package 
reference numbering. Its parts li- 
brary contains more than 200 com- 
ponents; however, you can add addi- 
tional components. Its interactive 
simulator uses the schematic graph- 
ics and produces waveform or word 
displays of the nodes you select. The 
simulator checks for circuit stabili- 
ty, identifies spikes, and can simu- 
late memory components in addition 
to logic parts. 


The layout package supports the 
following: 36 layers; eight trace 
widths from 8 to 100 mils; automatic 
component placement based on 
physical package size and route- 
length minimization; automatic de- 
sign-rule checking for trace-to- 
trace, trace-to-pad, and pad-to-pad 
clearances; and pc-board designs as 
large as 24 in. square. You can use 
the artwork generator to create 
Gerber photoplot files, board plots, 
drill plots, and drill tapes. A report 
generator produces component 
parts and price lists and bills of 
materials for completed board de- 
signs. 

Visionics Corp, 1284 Geneva 
Drive, Sunnyvale, CA 94089. 
Phone (408) 745-1551. 
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Hardware accelerator and 


graphics card 


turns IBM PC/AT into a 32-bit workstation 


Using the 3-board GraF lex Co-com- 
puter, you can add a 32-bit pP, 
floating-point processor, and 
1152 x 800-pixel color graphics to the 
IBM PC/AT. The board set incorpo- 
rates a 12-MHz 68020 pP, a 68881 
floating-point coprocessor, 512k 
bytes of program memory, a 
Hitachi 63484 advanced CRT con- 
troller, and 1M byte of video-RAM 
display memory. The display sec- 
tion emulates both the IBM color- 
graphics and professional-graphics 
display adapters so that existing 
programs that use either of these 
display boards are compatible. 

The GraF lex includes an Alcyon C 
compiler, linker, symbolic debug- 
ger, relocating loader, and five pro- 
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gram libraries: standard C coutines. 
graphics, floating point, GSS CGI, 
and IBM professional-graphics 
adapter emulation. The floating- 
point library includes routines for 
IEEE floating-point math (both 
with and without the 68881 math 
coprocessor) as well as Motorola’s 
routines for fast floating-point 
math. 


The 3-board set’s program memo- 
ry is limited to 2M bytes, but you 
can add extra 4M-byte memory 
boards to increase the program 
memory to a maximum of 32M 
bytes; additions cost about $400 per 
512k bytes. You can also add video 
RAMs to the display board to 
achieve a maximum resolution of 
1272824 pixels with 8 bits/pixel, 


and if you gang four display boards 


together, you achieve a 4096 x 4096- 
pixel display with 4 bits/pixel or a 
1448 x 1448-pixel display with 32 
bits/pixel. $2500. 

New Media Graphics, 279 Cam- 
bridge St, Burlington, MA 01803. 
Phone (617) 272-8844. 
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‘uncompromised test quality over all 
world test conditions. For all technolo; 


unequaled worldwide ser 


cut approach others offer which compromises | MegaOne can meet all your VLSI test needs. 
test quality. It delivers the fastest, most _ Contact us for our white paper ‘‘VLSJ 


accurate edges for all formats (not just a few). Testing is No Place for Compromise. ’’ 


And the new ACPMU offers 3 picosecond _ Megatest Corporation, c/o Marketing, 
precision. The MegaOne has up to 256 1321 Ridder Park Drive, San Jose, CA, 
channels with full Tester-Per-Pin resources. 95131. (408) 971-TEST. 
Each operating without restriction at 40 or 80 The MegaOne and only. 
MHz with timing on-the-fly, a million vectors 
and 3 edges per pin. 
And only the MegaOne guarantees all . 
specifications at the DUT pin, handler, or MEGATEST 
probe tip, where you need it. Performance without Compromise 
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THE WRONG ASIC VENDOR CAN 
BURY THE BIGGEST IDEA. 


However big the idea, theres still no substitute for being first. So in todays market, theres no room in any 
ASIC project for broken delivery promises or missed performance goals. 

ThatS why at Thomson Components-Mostek, we handle your semicustom business in a more busi- 
nesslike manner. Because as a major manufacturer ourselves, we understand the design and production risks 
you'e facing. And we're doing something about it, to take the uncertainty out of ASIC. 

For example, from final sign-off of your post-layout simulation design to first silicon, turnaround time wil 

pically be 15 working days for gate arrays, or 830 working days for standard cells. So theres less impact to your 
product schedules should you need to make a design change. 

Whats more, the real silicon we fabricate will perform just as the imaginary silicon did in simulation. 
Which means you'll never be left guessing about performance either. | 

We're able to stand behind these promises because of our world-class mask facility HCMOS fabrication 
of 3u, 24 and 1.2u gate arrays and standard cells and packaging capabilities — on a single site. And since we 
also offer MILSTD 883 processing, we can helo you with almost any application. 

So don't let the sands of time defeat your products chances. Come to the vendor 
who takes the risks out of ASIC. For more information, write Thomson Components-Mostek COMPONENTS 
Corporation, 1310 Electronics Drive, Carrollton, Texas 75006, or call your local sales office. _f | 


Justask. Ve have the solution 
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Thomson Components- 
Mostek Corporation 


U.S. AND CANADIAN 
SALES OFFICES 


WESTERN AREA: 
Santa Clara, California 
408/970-8585 | 


Irvine, California 
714/250-0455 


"Woodland Hills, California 
818/887-1010 


Seattle, Washington 
206/632-0245 


Longmont, Colorado 
303/449-9000 


Scottsdale, Arizona 
602/998-1580 


Tigard, Oregon 
503/620-5517 


CENTRAL AREA: 
Carrollton, Texas 
214/466-8844 


Bloomington, Minnesota 
612/831-2322 


Schaumburg, Illinois 
312/397-6550 


Austin, Texas 
512/451-4061 


EASTERN AREA: © 
Burlington, Massachusetts 
617/273-3310 


Marlton, New Jersey 
609/596-9200 


Altamonte Springs, Florida 
305/869-4979 


Huntsville, Alabama 
205/830-9036 


Liverpool, New York 
315/457-2160 


Poughkeepsie, New York 
914/454-8813 


Dublin, Ohio 
614/761-0676 


Greensboro, North Carolina 
919/282-4307 


Norcross, Georgia 
404/447-8386 


CANADA 

Thomson CSF Canada 
Semiconductor Division 

Montreal, Quebec 

514/288-4148 


Brampton, Ontario 
416/454-5252 


For all other countries: 
Thomson Semiconducteurs 
Velizy — France 


(1) 39.46.97.19 Telex 240 780F 
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ADEE EAST °86 PRODUCTS 


wCODE DEVELOPMENT 


With the DS3700 Emulyzer, you can 
develop code for high-speed, micro- 
programmable processors. The 
product uses 10-nsec ECL RAMs to 
create a writeable-control-store em- 
ulation memory with a guaranteed 
25-nsec access time to the target 
system. It also includes a perfor- 
mance monitor and a 35-MHz logic/ 
state analyzer. You control the 
DS8700 through its RS-282C host 
interface; software support for VAX 
and IBM PC hosts is available from 
the manufacturer. 

The writeable-control-store mem- 
ory supports word widths to 512 
bits in 16-bit increments and depths 
of 1k to 64k words. You can config- 
ure the logic-analyzer section with 
256 channels and either a 4k- or 
16k-word trace memory. The ana- 
lyzer accepts clocks from five 
sources, and it supports 16 trigger 
levels; each level accepts four inde- 
pendent trigger conditions. Prices 
start at $12,000. 

Hilevel Technology, Inc, 18902 
Bardeen, Irvine, CA 92715. Phone 
(714) 752-5215. 
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CAE SOFTWARE 


The Workview Series adds CAE 
functions to the IBM PC and com- 
patible computers. Workview 100 
includes hierarchical schematic 
entry, waveform processing for ana- 
lyzing simulations, symbol libraries, 
a document processor that mixes 
text and graphics, and electronic- 
mail capabilities with file-transfer 
utilities for linking to other CAD 
and CAE systems. Workview 300 is 
a digital design package that adds 


an interactive logic simulator and an 
optional fault grader to the Work- 
view 100 functions. Workview 500 is 
suited for analog designers; it in- 
cludes Workview 100 features plus 
an analog simulator and parts li- 
brary. Workview 700 provides you 
with all of the functions in the Work- 
view 100, 300, and 500 packages. 

All versions support a bidirection- 
al EDIF interface format for net 
lists, symbols, and schematics. The 
100 costs $4500 to $5500; the 300 is 
priced at $7500 to $11000; the 500 
sells for $6500 to $7500; and the 700 
costs $9500 to $13,000. 

Viewlogic Systems Inc, 33 Bos- 
ton Post Rd W, Marlboro, MA 
01752. Phone (617) 480-0881. 
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PC CAD SOFTWARE 


Two software packages, the CDX- 
3100 and the CDX-3150, provide re- 
spective schematic-capture and 
CAE capabilities for IBM PC/XTs, 
PC/ATs, and compatible computers. 
The CDX-3100 borrows from the 
company’s workstation-based sys- 
tems’ hierarchical schematic-cap- 
ture and net-list extraction capabili- 
ties and icon- driven, object- 
oriented user interfaces. The 
CDX-3150 provides a PC-based in- 
terface to simulation servers ac- 
cessed via an Ethernet LAN 
through a virtual-logic-analyzer 
user interface. 

Instead of using a coprocessor 
board to increase system perfor- 
mance for pc-board design, these 
software packages rely on more 
powerful servers accessible over the 
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. Pittman’s new plane 
heads use AGMA 10° )r 
- hobbed gears throu 
- deliver up to 125 Ib.-in 
— the output shaft. 40mn 
with lengths from 35mm t 
depending on ratio. 


Select from 11 ratios ranging from 


4:1 to 31,104:1. Mate the gear- 


head to any brush- commutated 
Pittman? DC motor in series _ 
30 OF 14000. For highest Se 


HARLEYSVILLE, PA 19438-0003 USA 


A DIVISION OF PENN ENGINEERING & MANUFACTURING CORP. 


© Pittman, 1985 a. 24-C 
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A COMPLETE 


IN-CIRCUIT EMULATOR 


FOR $4395! 


Ziltek’s low-cost ICE-ENGINE/BX-8 


is the only real-time In-Circuit Emulator 
available that completely supports 8-bit 
microprocessor’s software/hardware 
development. Its $4,395 price tag includes 
the EPROM programmer, eraser, and the 


pod of your choice. Additional pods are just 


$1095 each. Check these outstanding 

features: 

¢ Compatible with IBM® PC and dumb 
terminals. 

e With appropriate pods, supports Z80™ 
(A,B, H), 8085, 6809, 8048 and Z80 
CMOS series Ps. Additional pods 
available soon. 

¢ Full symbolic debugging. 

¢ Powerful and easy-to-use Debug 
Command Language. 

e Single, sequential and delayed triggers. 


¢ Unique register trace. 
¢ More than 50 commands keep you in 
complete control. 
¢ “Help” menus always available instantly. 
¢ All other standard emulator features. 
Call or write today for complete 
information. 


ZILTEK 


CORPORATION 


A subsidiary of Adtek System Science Co., Ltd. 


1651 E. Edinger Ave., Santa Ana, CA 92705 
Telephone: (714) 541-2931 
FAX: (714) 541-2933 


CIRCLE NO 18 


ADEE EAST 


network. This approach also relies 
on network file servers for storing 
design libraries, which may require 
tens of megabytes of disk storage. 
All PC stations on the network can 
share libraries on the file servers. 


- You can develop large designs on a 


personal computer, which would 
normally exceed its RAM or disk- 
storage capacities, by using the net- 
work resources’ greater perfor- 
mance ability and storage capacity. 
The CDxX-3100 costs $7900; the 
CDX-3150 costs $2500. 

Cadnetix Corp, 5757 Central 
Ave, Boulder, CO 80301. Phone 
(303) 444-8075. 
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ANALOG DESIGN 


The Smoke Alarm and the Power 
Design modules are two additions to 
the company’s Analog Workbench 
and PC Workbench analog CAE de- 
sign tools. Smoke Alarm analyzes 
safe operating areas for passive and 
semiconductor components as well 
as power supplies in an analog de- 
sign, and it flags components opera- 
ting outside of current, voltage, or 
power specifications. The Smoke 
Alarm examines peak and ayerage 
ratings during operation, and you 
ean derate specifications for wider 
design margins. The Smoke Alarm 
module costs $10,000 for the Analog 
Workbench and $6000 for the PC 
Workbench. 

The Power Design module con- 
tains nonlinear hysteresis models 
for transformer characteristics, 
thus overcoming the difficulties that 
the Analog and PC Workbench 
tools, which are based on the Spice 
simulator, have with nonlinear mag- 
netic models. It also contains a 
model library that includes PWM 
and current-mode controller ICs. 
Power Design modules for the Ana- 
log and PC Workbench cost $7500 
and $5000, respectively. 

Analog Design Tools Inc, 66 Wil- 
low Place, Menlo Park, CA 94025. 
Phone (415) 328-0780. 
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PURE GEN 


Albert Einstein. 

One of the world’s greatest think- 
ers and physicists. To him, speed 
was a constant; the measure 

by which all other variables were 
compared. Quantum, a theory 
that subdivided energy. And his 
pure genius forever changed our 
world. 


TRAX-PCB from Orcatech. 
One of the world’s great 


computer-aided circuit design 
systems. A quantum leap forward 


in productivity. Performance so 


fast that circuits almost gravitate 
from the screen. And the hard- 
ware driven autorouter in TRAX- 
PCB will truly revolutionize the 
way you design. 
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Circuit design at the speed of light. 


TRAX-PCB is more powerful than 
you can imagine. More afford- 
able than you think. Call today for 
details and a demonstration. 


Orcatech Inc. 

28 Steacie Drive 

Kanata Ontario Canada K2K 2A9 
Telephone (613) 592-7650 


ORCATECH 


TRAX-PCB : For the great printed 
circuit desianers of our time. 


Edit in place? 
Only Mentor Graphics 


ets you edit all 
over the place. 
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During IC layout, hierarchical design With Chipgraph, you work on the 


delivers dramatic productivity gains. selected cell directly in its layout environ- 
But during global cell modifications, it ment. You see instantly how it relates to its 
can also leave you hopelessly blind. surroundings. At the same time, all related 
Some layout editors let you see the one cells are updated right on the screen, so 
cell you're editing, but completely hide the you've got a complete picture of the 
global impact on other cells. global consequences. 
Other editors let you see the global You work faster. More accurately. With 
impact, but totally isolate the selected cell less iterations. 
in a separate window. So you work blindly, And Chipgraph lets you work bigger as 
out of context. well as better. Our hierarchical design sys- 
Only one vendor of IC layout tools has tem will easily accommodate the next gen- 
seen the light and solved the problem. eration of VLSI designs. 
Mentor Graphics. There's also boolean and edge functions 
Our solution? The Chipgraph™ IC to keep your editing fast and flexible. And 
layout editor, the first such editor that lets changing technologies is no problem, 
you see it all during hierarchical editing. because we've got all the angles covered. 


You can work with bipolar, linear and 
GaAs geometries as easily as MOS. 

Plus you can put initial design rule checks 
in their proper place—the editor itself. Our 
interactive DRCs let you check as you edit. 
You get fast, accurate feedback on the 
correctness of your design. And for the 
tinal check, Chipgraph lets you run 
DRACULA I|™ right on your workstation. 

And to keep your IC designs in the indus- 
try mainstream, Chipgraph supports the 
GDS II input/output format. You enjoy com- 
patibility with a wide variety of existing 
tools. And long-term viability for your 
design libraries. 

It’s all part of a vision unique to Mentor 
Graphics, the leader in design automation. 
Let us show you where this vision can take 
yOu. 

Call us toll-free for an overview brochure 
and the number of your nearest sales 
ottice. 
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Bracknell, England; Phone 0344-482828 Livingston, Scotland; 
Phone 0506-412222 Munich, West Germany; Phone 089-57096-0 
Wiesbaden, West Germany; Phone 06121-371021 Paris, France; 
Phone 04-560-5151 Milan, Italy; Phone 02-824-4161 Spanga, 
Sweden; Phone 0468-750-5540 The Hague, Netherlands; 
Phone 070-624-461 Tokyo, Japan; Phone 03-589-2820 Hong 
Kong; Phone 0852-566-5113 Singapore; Phone 0779-1111 

Middle East, Far East, Asia, South America; Phone 
503-626-7000 Mississauga, Ontario; Phone 416-279-9060 


% 
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DRACULA II is a trademark of ECAD, Inc. 
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8044 « devices. A commitment that | 
will continue to grow as he MCS-51 
“microcomputer family expands. : 


This commitment has seen MetaLink 
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hia the MetalCE-80515 to our 
line demonstrates our continuing PS gil > VOFPOlo 
COBO EE Cet Expanding _ <i ie 33 West Boxelder Place, Suite 110 
MCS-51 microcomputer family. | . Chandler, Arizona 85224 

A commitment that began with the ’ _—<_ | (602) 926-0797 _ 
introduction of our emulators for al (Toll free) 1:800-METAICE 

the 8031, 8032, and 8344 devices ae TELEX: 499-8050-MTLNK 


The newest ICE from 
the ICE-HOUSE 


As backup power for - 
CMOS memory circuits, 
the ni-cads and lithiums 
just don't measure up anymore. 


Now, circuit designers are turning 
a new, state-of-the-art energy source 
from Sohio Engineered Materials. 


The Maxcap™ Double Layer Capacite 


What distinguishes Maxcap DLC 
from its antiquated competitors is tha 
it gives you the energy of a battery, 
the rapid charge-discharge character- 
istics of a capacitor, and something no 
battery can ever promise: 


Virtually unlimited life. 


So designers working into the 1990s no 
longer have to burden themselves with 
power sources out of the past. 


At its nominal voltage of 5 V and capac- 
itance values of 0.01 to 1 farad, thimble- 
size Maxcap DLC can be charged and 
discharged indefinitely without main- 
tenance or replacement. Since there's 

no need for access, equipment can be 


made smaller and simplified. You 
can also reduce backup circuit and 
assembly costs. 


<a> 


Maxcap DLC shown actual size above. 
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* Compared to batteries, 
Maxcap DLC delivers these 
significant cost savings: 


= There's only one extra component, 
not three. And Maxcap DLC doesn't need 
a socket. 


@ Since Maxcap DLC is nonpolar, it can't 
be reverse connected, so youll have | 
fewer assembly errors. And you can use 
wave-soldering. 


@ Maxcap DLC requires no toxicity, 
explosion or leakage safeguards. 


What's more, there are no disposal 
problems. 


Maxcap DLC. The timeless energy 
source. Call or write for complete 
information and technical details. 


And save those batteries. Somewhere, 
there’s a flashlight that can use them. 


Sohio Engineered Materials Company 
Semiconductor Products Division 
P.O. Box 664 

Niagara Falls, NY 14302 

716/278-3954 


Sohio 
Engineered Materials 
Company 


VME, Multibus and Multibus Il: 
Package Your System to Win 
World-Wide Approval 


ra 


If you sell systems anywhere, you face an increasing So to help build your reputation take a little of ours. 
number of safety and performance standards. Tough Our reputation for strength, ruggedness, reliability — 
design specs that cost plenty to meet and cost plenty to and, of course, appearance. 
prove you meet them. To find an enclosure that meets your approval, call us 

So package your system in an Electronic Solutions today for complete catalogs on VME, Multibus and 
enclosure. One that has already met these standards: Multibus Il System Packaging. 

Recognized by FCC| @. 

Underwriters Federal Communications 

Laboratories, Inc. Commission ¥ 
PRU 
TUV Rheinland 
(VDE equivalent) 


1. Series 7 with 2 half-height peripherals 
5 slots VME, Multibus Il; 7 slots Multibus | 
2. Series 7 (shown with rack mounting) 


7 slots VME, Multibus II; 10 slots Multibus | 


Canadian Standards Association International Electrotechnical Commission 3. Series 10 DeskMate with 4 full- /8 half-height peripherals 
12 slots VME; 10 slots Multibus II; 15 slots Multibus | 
: 4. Seri 
—plus FCC Part 15 Class A EMI/RFI compliance that eee Wi ihusii reeks iineas) 
j j j 5. Series 3 (shown with rack mounting) 
most VME or Multibus II card racks miss by a wide =. 2018 VME, Mutus Isls Mutbus 
marain. . Series 10 with 4 full- /8 half-height peripherals 
g 12 slots VME; 10 slots Multibus II; 15 slots Multibus | 
All you need to add are the cards. 7. Series 7 DeskMate 
Choose from a huge selection of attractive tabletop, Peri sede nays caleirouebediery 
rack-mount and floor-standing DeskMate enclosures 9. eects: VME, Muttibus I; 10 slots Muttibus 
with 3,4,5,7,10,11,12,13 or 15 card slots. In sizes from * "3 slots VME, Multibus ll; 4 slots Multibus | 


only 312” high. Choose from many options: front, rear, 
or top card loading; mounting of up to eight half-height 
5%" peripherals; P1 and P2 backplane configurations; 
and power supply capacity up to 500 Watts. 


Electronic 
y, Solutions 


UNIT OF ZERO CORPORATION 


9255 Chesapeake Drive, San Diego, CA 92123 « (619) 292-0242 Telex II (TWX): 910-335-1169 


Call Toll Free: (800) 854-7086 In Calif: (800) 772-7086 
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PRODUCT UPDATE 


Single-device, 2400-bps modem 
simplifies fax-machine design 


You can implement the complex 
modem design for a Group 3 facsimi- 
le (fax) machine with the R24MFX 
Monofax, a 2400-bps modem that 
comes in a 64-pin quad-in-line pack- 
age. This modem, the first of its 
kind, supports the CCITT Recom- 
mendation V.27 ter fallback mode 
(2400 bps) and the V.21 channel 2 
mode (300 bps). The device can gen- 
erate line-quality diagnostic data, 
and it supports adaptive equaliza- 
tion, a procedure that automatically 
compensates for line-quality distor- 
tion. 

The modem comes with two data- 
transmission-equipment (DTE) in- 
terfaces: a CCITT V.24 (RS-232C) 
port and a microprocessor bus inter- 
face. This bus interface allows the 
host microprocessor to change the 
modem configuration, read or write 


USART | 
(OPTIONAL) | DCLK 


RLSD | 
eo. 


RXD 


oe ee ee eee ee ee ee ee ee ee ee ee ee oe 


DATA BUS (8) 


al ADDRESS BUS (4) 
DECODER # 


channel data or diagnostic data, and 
supervise modem operation by 
means of control bits and modem- 
status bits that you can set via soft- 
ware. 

The transmit output level is pro- 
grammable—a feature that’s useful 
because of the variation in non-US 
transmit-output-level standards. 
Other programmable features in- 
clude tone detection, dual-tone gen- 
eration, and a receiver-threshold 
range of 0 to -—43 dBm. The 
R24MFX Monofax consumes 1W 
typ and costs $40 (1000). 

—Margery S Conner 

Rockwell International, Sema- 
conductor Products Div, 4311 Jam- 
boree Rd, Newport Beach, CA 
92658. Phone (714) 833-4700. 
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AMERICAS BEST 
PROGRAMMERS 


Z-2500B IN-CIRCUIT 


MEMORY CARD PROGRAMMER 


Programs and tests up to 32 customer 
memory cards populated with EPROMs or 
microcomputers at a time. 


Two 1.2 Mbyte DSDD floppy disk drives. 
Optional 20 Mbyte hard disk. 


Simple menu driven operation. 


Turnkey systems include programmer, ter- 
minal, custom interface hardware and soft- 
ware. 


Z-3000 HIGH VOLUME 
GANG/SET PROGRAMMER 
14,000 27256’s programmed per day. 


32 EPROMs simultaneously with 1 to 8 
DATA BLOCKS. 


16 Intel or Motorola MCUs at a time. 
64K to 256K bytes of DATA RAM. 


Z-1200B TWELVE SOCKET 


GANG/SET PROGRAMMER 
2716 —- 27512, 1 to 4 DATA BLOCKS. 
64K to 256K bytes of DATA RAM. 
Software personality. No plug-ins. 


Z-1000B UNIVERSAL 
PROGRAMMER 


Over 600 PLDs, EPROMs, EEPROMS, bi- 
polar PROMs and INTE! MCUs. 


Upgradeable PROM based software. 
Stand alone or PC/XT/AT operation. 
Two independent RS-232 ports. 

64K or 256K bytes of DATA RAM. 
EXATRON handler interface is standard. 


ZAP SERIES low cost programmers for 
EPROMs and single-chip MCUs. 


Z-400 for bipolar PROMs and EPROMs. 


SUNRISE ELECTRONICS, INC. 
524 South Vermont Avenue 
Glendora, California 91740 

(818) 914-1926 


Offering a variety of programmable options, the R24MFX Monofax is a single-device 
2400-bps facsimile modem. The optional USART shown offloads the serial communications 
overhead from the host processor. 
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PRODUCT UPDATE 


PC-based digital scope 
features 500-kHz sample rate 


The 4-channel R4X4 digital ocillo- 
scope combines the high sampling 
rates and triggering capabilites of a 
stand-alone scope with the flexibili- 
ty and low price of a PC-based pe- 
ripheral. Each of the scope’s chan- 
nels has a dedicated 8-bit A/D 
converter; phase accuracy between 
channels is +3°. The scope has deep 
data buffers (82,767 bytes per buf- 
fer) that can be filled at sampling 
rates ranging from 0.1 Hz to 500 
kHz per channel. You can partition 
the buffer from the keyboard to 
allow both pre- and post-triggering. 
During data acquisition, you can ac- 
tively -scroll forwards and _back- 
wards on the display with the 
cursor. The zoom mode lets you 
expand the display by a factor of 1 
to 2000. 

You use a menu to select the digit- 
al trigger for any channel; as with a 
stand-alone unit, you select manual 
trigger adjust and polarity via a 
potentiometer and a switch, respec- 
tively. The scope’s ac bandwidth is 


10 Hz to 250 kHz in all gain ranges. 

When the unit is in autoseek 
mode, you don’t have to specify the 
sampling frequency for a waveform 
—the scope determines the input 
signal’s frequency and samples at a 
rate 10 times higher. Once you’ve 
stored the acquired waveform to the 
PC’s disk, you can retrieve the ac- 
quired signal and compare it to real- 
time data. The data-file format is 
compatible with such data-reduction 
software as Lotus 1-2-3 and 
DADISP. 

The R4X4 is attached via a 24-in. 
ribbon cable to a half-size interface 
ecard that plugs into an IBM PC, 
PC/XT, or PC/AT, or a compatible 
computer. The unit runs from the 
PC’s power supply; it requires 5V at 
350 mA max and +12V at 70 mA 
max. $1995.—Margery S Conner 

Rapid Systems, Inc, 755 N 
Northlake Way, Seattle, WA 98103. 
Phone (206) 547-8311. 
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Each of the four channels on the PC-based R4X4 digital oscilloscope has a dedicated 8-bit 
A/D converter and a 32,767-byte buffer. The scope samples at as much as 500k bytes/sec per 


channel. 
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We’re committed to 
keeping robots In power. 


When youre designing for industrial 
electronics applications, there’s one 
fact you should keep in mind: FACT. 
Fairchild Advanced CMOS ‘Technology. 
The ideal CMOS logic family for today’s 
state-of-the-art industrial applications. 
Including system controllers governing 
robots, conveyor beits, or other 
computers. 

FACT can optimize system perform- 
ance like no other logic family. Its noise 
immunity, for instance, is the best in 
the industry — typically 1.25V. Making 
it the logical choice for industrial appli- 
cations where noise is extreme. 

The FACT family’s latch-up immunity 
is also superior to any standard metal 
gate CMOS line. FACT parts wont latch 
up at 100mA in worst-case conditions 
(T, = 125°C and Vcc = 5.5V). Typically, 
they'll handle currents as high as 
300mA on their outputs. So your robots 
will, too. 

Other reasons to use FACT logic 
circuits are just as compelling: 

Suchasa — 40°C to + 85°C industrial 
temperature range. Guaranteed AC and 
DC specs with power supply voltages 
of BN; and OV + 10%. A guaranteed © 


ESD immunity of 2,000V, typically 
4 OOOV. Consistent, across-the-line 
specifications. And low operating power 
consumption of 54.W/gate. 

Speed? FACT ICs are manufactured 
with a 1.2-micron process, resulting 
in CMOS logic parts with speed secon 
to none. And to make sure the : 
FACT s are there 
when you need 
them, they're 
available now from 
any authorized 
Fairchild distributor or sales office. For 
more information, call The Fairchild 
Information Center at 1-800-554-4443. 

FACT. It’s the surest way to keep 


your robots in power. 


©1986 Fairchild Semiconductor Corporation. The FACT logo is 
a trademark of Fairchild Semiconductor Corporation. 
Ad Code C10 


We’re taking 


the high ground. 
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FAIRCHILD 


A Schiumberger Company 
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AVAILABLE NOW. GOING FAST. 


The fastest family of CMOS 4Kkx4 static RAMs ever available. Now available from 
Thomson Components-Mostek Corporation. 

since we used the same basic design to create the entire MK41H68 family, our six 
new fast SRAMs share certain features. Like access times of 20ns. And industry-standard 
20- or 22-pin JEDEC packaging. But thats where the similarities end. Because each of the six 
devices offers different features — Chip Enable power down, fast 10ns chip select access or 
output enable control — you can choose the best solution for your application. 

Our fast static RAM family includes the first 5-volt 4Kx4s designed to operate at 
2Ons. The MK41L68 Series is also the industrys first LSI circuit specifically designed for the 
new scaled MOS 3.3-volt LV-TTL JEDEC standard. And theyre available with access times of 
2ons or 35ns. Either way, they're the fastest 4Kx4 CMOS RAMs available anywhere. 

A state-ofthe-art sub micron double level metal CMOS process and a unique 
6-transistor memory Cell allows our new SRAMs to operate at high speeds yet maintain low 
operating and standby power requirements. 

Best of all, our new 4Kx4s are available right now. In quantity. From any of our 112 
distributor locations nationwide. And it doesn't end there. In the future, we'll be introducing an 
even wider range of fast static devices, with MIL-883 Rev C followed by 
JAN qualified versions. | 

But don't wait too long to find out more. Because with speeds 
like these, they're going fast. For more information, call 214/466-6265 or 
contact your nearest local sales office. 


Just ask. We have the solution. 


Thomson Components-Mostek, 1310 Electronics Drive, Carrollton, Texas 75006 
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Thomson Components- 
Mostek Corporation 


PRODUCT UPDATE 


U.S. AND CANADIAN 
SALES OFFICES 


WESTERN AREA: 
Santa Clara, California 
408/970-8585 


Irvine, California 
714/250-0455 


Woodland Hills, California 
818/887-1010 3 


Seattle, Washington 
206/632-0245 


Longmont, Colorado 
303/449-9000 


Scottsdale, Arizona 
602/998-1580 


Tigard, Oregon 
503/620-5517 


CENTRAL AREA: 
Carrollton, Texas 
214/466-8844 


Bloomington, Minnesota 
612/831-2322 


Schaumburg, Illinois 
312/397-6550 


Austin, Texas 
512/451-4061 


EASTERN AREA: 
Burlington, Massachusetts - 
617/273-3310 


Marlton, New Jersey 
609/596-9200 


Altamonte Springs, Florida 
305/869-4979 


Huntsville, Alabama 
205/830-9036 


Liverpool, New York 
315/457-2160 


Poughkeepsie, New York 
914/454-8813 


Dublin, Ohio 
614/761-0676 


Greensboro, North Carolina 
919/282-4307 


Norcross, Georgia 
404/447-8386 


CANADA 

Thomson CSF Canada 
Semiconductor Division 

Montreal, Quebec 

514/288-4148 


Brampton, Ontario 
416/454-5252 


For all other countries: 
Thomson Semiconducteurs 
Velizy — France 


(1) 39.46.97.19 Telex 240 780F 
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The AD588 monolithic voltage-ref- 
erence IC specs +1-mV max output- 
voltage error and +1-ppm/°C max 
output-voltage drift in its premium- 
grade version. The IC uses an ion- 
implanted, buried zener diode as its 
reference element and contains la- 
ser-trimmed (at the wafer stage) 
thin-film resistors. 

The IC includes the reference cell 
and three additional amplifiers, 
which provide pin-programmable 
single-output ranges of +10, +5, 
—5, or —10V. The pin strapping also 
allows you to select dual outputs of 
+5V (tracking), +5 and +10V, or 
—5 and —10V. The amplifiers allow 
you to make Kelvin connections to 
the load, to boosters that you might 
employ for driving long lines or 
high-current loads, or to both. 

The AD58&’s +1-mV accuracy 
makes it suitable as a reference for 
12-bit D/A or A/D converters (1 mV 
represents less than 1 LSB in a 
12-bit, 10V system). You can option- 
ally use the device’s fine-trim con- 
nections to obtain even greater ac- 
curacy; the fine trimming does not 
alter the operating conditions of the 


NOISE 
REDUCTION 10V 
® 


@ 
GAIN ADJ ~GRouND 
SENSE 


-precision reference IC 


specs 1-ppm/C output drift 


zener reference or the buffer ampli- 
fiers. The fine trim, therefore, does 
not increase the AD588’s tempera- 
ture drift. 

Guaranteed long-term stability 
for the premium-grade versions is 
25 ppm over 1000 hours. The typical 
output noise is 10 pV p-p; a noise- 
reduction pin allows you to reduce 
this voltage further by filtering 
with an external capacitor. Track- 
ing error in the +5V output mode is 
less than 1 mV; a fine-trim terminal 
allows you to reduce the tracking 
error even further. 

Other specs for the AD588 in- 
clude +100-~V/V line regulation 
and +100-~V/mA load regulation. 
Available in versions that operate 
over 0 to 70°C, —25 to +85°C, or 
—55 to + 125°C, the AD588 comes in 
a 16-pin plastic or ceramic DIP. Ver- 
sions in plastic and ceramic pack- 
ages cost $8.50 and $12.75, respec- 
tively.—Bill Travis 

Analog Devices Inc, Rte 1 Indus- 
trial Park, Norwood, MA 02062. 
Phone (617) 329-4700. 

Circle No 728 


Ag IN A3 OUT (SENSE) 
C) ® 


A3 OUT 
(FORCE) 


Ag OUT 
(SENSE) 


Ag OUT 
(FORCE) 


15V 


=15¥ 


é O O 
OV BAL 5V 
ADJ 


Providing as much stability and accuracy as expensive hybrid-circuit references do, the 
AD588 reference IC is a monolithic unit that’s suitable as the reference element for 12-bit D/A 
and A/D converters. Three amplifiers allow you to eliminate ground drops and losses in load 
connections. Fine-trim terminals allow you to increase the unit’s accuracy beyond the 
already tight 1 mV. 
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Give your electronic brain 
the same critical advantages 
you give your own. 


Cabinetry as sophisticatec 

ae ee as the computer it protects 
For performance, design. 
functionality, processability.. 
specify the highes 
performance engineerinc 
resins—the smart choice 

from GE Plastics 


Let us give you the edge 
in computer design 
(800) 845-0600 


IG 


Ciacci eC AO 362A 


icroprocessor 
in take its rightte 
lace in history. 


gine 


ntaunte msneneennineMeNAsAPA eNO 


‘ 
of 
rie 
¥ 
r * 
eae x ES 
ah 
oe 


2550 alee a # ay athe 


It had to happen—the conventional microprocessor 
has had its day. Relegated to the ranks of yesterday's 
devices by the new transputer family from INMOS. It’s 
history in the making. 

The IMS 1414 transputer is a fast, easy-to-use VLSI 
component, integrating a 32-bit processor, four inter- 
transputer communication links, 2K bytes Static RAM, 
32-bit memory interface and DRAM controller. Allon a 
single CMOS chip—offering execution rates up to 
10 MIPs. 

While transputers excel in single-processor 
systems, their real power can be unleashed by 
connecting any number of transputers together via 
the high-speed serial links. Multi-transputer systems 
can deliver the performance you need today, and can 
be easily expanded in the future as your processing 
requirements increase. 

And there’s more. Programming multiprocessor 
systems has never been easier. The Transputer 
Development System (TDS) supports C, Fortran, Pascal 
and OCCAM, providing a complete software 
development environment, and is available for a 
number of popular hosts. Software developed on the 
TDS can be executed on one or more transputers, 
enabling cost-pertormance tradeoffs to be made. 

INMOS transputers are available now and have 
already found their way into companies who are 
evaluating, prototyping and manufacturing transputer- 
based systems. Applications include supercomputers, 
DSP, graphics, robotics, Al, distributed control systems, 
PC’s, engineering workstations and many others. 

Write or phone for more information on the 
transputer family and start making history yourself. 


IMS 1414 32 bit Transputer—2Kbyte —4 links 
IMS 1212 16 bit Transputer—2Kbyte —A4 links 
IMS_M212 i 


IMS D701-2 IBM PC—Transputer Development System. 
IMS D600 VAX/VMS—Transputer Development System _ 


IMS BO02-2 Double Eurocard + IMS 1414 + 2Mbyte DRAM + 2x RS232. 

IMS BO003-1 Double Eurocard + 4x IMS 1414 + 4x 256Kbyte DRAM. 

IMS BO04-2. | IBMPC Format + IMS 1414 + 2Mbyte DRAM. 

IMS BO06-2 Double Eurocard + 9x IMS T1212 + 128Kbyte SRAM. 

IMS BOO7-1 Double Eurocard + IMS 1414 + 0.5Mbyte DRAM + 0.5Mbyte Video RAM: 


16K CMOS SRAM, 25-45ns, 64K CMOS SRAM, 35-70ns 
256K CMOS DRAM, 60-100ns 


ine I RANSPUIER 


PARALLEL PROCESSING. UNPARALLELED POTENTIAL. 


INMOS, P.O. Box 16000, Colorado Springs, CO 80935, Tel. (303) 630-4000; 
Bristol, England, Tel. 454-616616; Paris, France, Tel. (14) 687-2201; 
Munich, Germany, Tel. (089) 319-1028; Tokyo, Japan, Tel. 03-505-2840. 
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READERS’*® CHOICE 


Of all the new products covered in EDN’s June 26, 1986, issue, the ones reprinted here generated the most reader 
requests for additional information. If you missed them the first time, find out what makes them special: Just 
circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in our 
June 26, 1986, issue. 


> DEVELOP- 
MENT SYSTEM 
The ICE (in-circuit 
emulator) is a per- 
sonal-computer- 
based system that 
lets you define and 
test a number of 
audio-based filter 
parameters (pg 112). 
Crystal Semicon- 
ductor Corp. 


pale Noche A TOUCH SCREEN 
The TouchMonitor 14 is a 14-in., IBM 

V TERMINAL compatible monochrome monitor. It tilts, 

ADAPTER swivels, and runs with either 110 or 230V 

The LDA-232 power supply (pg 245). 


Personal Touch Corp. Circle No 602 
<DRIVER IC 


adapter allows any 
RS-232C computer 
terminal to trans- 


mit asynchronous 
data more than 
three miles at 
speeds to 19,000 
bps (pg 252). 
Equinox Systems 
Inc. Circle No 603 
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> CPU BOARDS 


The VMEx 286 and 
VMEx J11 bring 
the 80286 and J11 
wPs to the VME 
Bus (pg 114). 

Iskra VME Tech- 
nologies. 

Circle No 606 


The CMOS-pro- 
cessed TSC429 is 
designed to drive 
power MOSFETs 
and simplify the 
drive circuitry for 
very large 
MOSFETs (pg 108). 
Teledyne Semicon- 


ductor. 
Circle No 604 


A PC-BASED CAE/CAD 


The Draftsman-EE, DC/Autorouter, and 
DC/Netlist, capture drawings, automati- 
cally route pe boards, and generate net 
lists, respectively (pg 238). 

Design Computation Inc. Circle No 601 
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Explore HP 


Digitizing Oscilloscopes. 


No. 1 in a series. 


Digitizing architecture is making scopes 


easier to use, and more efficient. 


The move toward digitizing architecture in oscillo- 
scopes is on. New digitizing scopes are easier to use, 
and can dramatically boost measurement efficiency 
for engineers and technicians in many applications. 


Simple instrument setup. 
With the new HP 54000 series 
digitizing oscilloscopes, you get a 
stable display on the screen faster, 
even if other users have left the 
scope in an unfamiliar operating 
mode. You simply push the 
‘‘autoscale’’ button on the front panel. Your signal is 
correctly displayed on the screen. It all happens 
automatically, in seconds. 

You can also store front-panel setups in memory 
for later use...a convenient feature, especially if your 
application calls for repeating several different instru- 
ment setups, or if the scope is shared by many users. 


Automatic answers. 


With conventional scopes, making measurements such 
as risetime or frequency is typically a lengthy process, 
involving manual calculations. With the HP 54000 
series, you can make these measurements, and many 
more, automatically. That’s because they are com- 
puted for you at the touch of a button from digitized 
information. 


Instant hardcopy output. 

If you’ve ever fussed with oscilloscope cameras trying 
to photograph traces, you’ll appreciate the digitizing 
difference. You simply push a button on the front 
panel of the HP 54000 series to get hardcopy of the 
waveform of interest, or scope setup, on HP graphic 
printers, or plotters. 


No more grease pencils. 


Unlike their conventional analog counterparts, digitiz- 
ing oscilloscopes can store waveforms in memory. So 
you can call them up for later reference, or compare 
them on the display with ‘‘live’? waveforms, without 
parallax. Traces remain clear and sharp, so you can 
make accurate measurements without time limits, even 
on stored and recalled traces. 


Multiple colors enhance scope 
functionality. 


Multiple, selectable display colors let you distinguish 
overlapping traces more easily. Associate waveforms 
with corresponding measurement and setup data. 
Emphasize special conditions, such as the color red 
indicating when measured data is outside of control 
limits. And tailor the 
system to your own 
way of working—to 
improve contrast or 
aid recognition, for 
example. Functional 
color is available on 
the HP 54110D 
digitizing oscilloscope. 


Call today for our 
videotape*and mini-brochure. 


ee ease-of-use 


Explore HP digitizing oscillo- 
scopes. Get a free VHS videotape £ 
and mini-brochure by calling 
1-800-558-3077. In Colorado, 
call 590-3490 collect. 


*Offer expires Dec. 31, 1986. 


HEWLETT 
PACKARD 


E115607 
5954-2647 
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Hughes surface mount 
connectors give you closer 
board-to-board mounting, 
densities to .025, and up to 

15% more board space. 


Off-board mounting makes the difference. m Card connectors 
Greater reliability, too, with insertion/ m@ Test connectors 
withdrawal forces transmitted to the board via Also our custom Gold Dot Interconnec- 
mechanical fixing. tion System. | 
No mechanical loading on vulnerable For more information, call Mike Howeitt, 
solder joints, a weak link in ordinary surface 714-660-5702. 
mount connector installations. In England call 
Surface mount connectors available, off- Hugh Mclinally, HUGHES 
the-shelf: 0932 47262. 
m Two-part PC connectors Wie ae 
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Perfect Harmony! 


Equal Sharing / 
N+14 / Reliability! 


Switching Power’s feed back current sharing 
amplifier allows equal power supply loading 


and higher reliability, (Load sharing of 
better than 5% is achieved). 
The telecommunication industry gets true 


redundency and mainframe manufacturers 


can grow incrementally at low cost. 


+S ] Connected 


Locally 
-S } to Bus 


No. 1 Reference 
Available to Next 


Reference 
Output 


Local —S 
Connector 


No. 2 Reference Input 
Amp Output 


6 Pin Molex Connector 


125 to 4000 Watts 

MM 50°C Power Ratings 
™M Remote Sense 

™ Reverse Voltage Protection 
M Soft Start 

™ Up to 400 Amps 

M Overvoltage Protection 
™ Short Circuit Proof 

f@ International AC Input 
High Efficiency 

M SELV Magnetics 
Thermal Protection 

M Fully Regulated 

@ Certified Safety 


SWITCHING 
POWER INC 


0601 Veterans Highway, Ronkonkoma, NY 11779 
Tel. (516) 981-7231 - TWX: 510-220-1528 
Sunnyvale, Ca, Sales Office: (408) 732-1230 


Powerful products for over a decade! 
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THE LITTLE THINGS THAT MAKE BIG THINGS WORK 


STO ere Senn r RMN ARE NRIRRE EHO on 


And, we have all the little fastener 
things you need to make your 
big things work better. 


For fasteners of every type to help make your electrical, 
electronic or electro-mechanical things look and work 
better you cant find a more complete line than RICHCO. 
The industry leader. 

Whether your need is for simple ties, cable clamps or 

more sophisticated saddles and other fastener hardware 
for pc boards, it’s here. In designs and sizes that are just 
right for your specs. And, at prices that are right, too! 

For your special needs, RICHCO will also design, proto- 
type and produce fasteners to meet your specifications. 

: Write or call RICHCO, today, with your fastener needs. 
For free product samples and prices, Contact: | 


SAMPLE DEPARTMENT 
Toll Free 800-624-1892 In Illinois 342-539-4060 


P.O. Box 804238 
Chicago, Illinois 60680 
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LEADTIME INDEX 


Percentage of respondents 


ITEM ' 2, 8. ITEM 
TRANSFORMERS _ RELAYS 
Toroidal 6 oO 100. General purpose 
Pot-Core 6 PC board 
Laminate (power) 0) Dry reed 
CONNECTORS — 
Military panel 9 Solid state 
Flat/Cable 0 DISCRETE SEMICONDUCTORS 
Multipin circular 8 Diode . _ 48 0. 
PC 0 Zener 46 46 0 
RF/Coaxial 0 Thyristor 29 ca 
Socket 0 ~ Small signal transistor 27 4 
Terminal blocks 0 FET, MOS 41 4 
Edge card 0 Power, bipolar 28 5 
Subminiature 0 
Rack & panel ) CMOS 
Power : 0 aS TTL 
PRINTED CIRCUITBOARDS = : = 
Single-sided 40 0 0 L 
Double-sided ) Communication/circuit 
Multilayer 0 OP amplifier 
Prototype ) Voltage regulator 
RESISTORS MEMORY iia 
Carbon film 0 RAM 16K 0. 
Carbon composition 0 RAM 64K 5 
Metal film 0 RAM 256K 7 
Metal oxide ) ROM/PROM 6 
Wirewound 0 EPROM 4 
Potentiometers ) EEPROM 7 
Networks ) 
DISPLAYS caine 
FUSES Panel meters 3. 0 
0 Fluorescent oo 0 
SWITCHES Incandescent 4 0 
Pushbutton 0 LED _A 0 
Rotary fe) Liquid crystal 7 0. 
Hgeke! MICROPROCESSOR Cs 
Thumbwheel 0 8-bit 27 36 5 85 85 
Snap action 0 16-bit _ = . 18° 6s 0 85 10.4 
Momentar 0 
igi : FUNCTION PACKAGES 7 
moral Ul Amplifier _ 20 30 
WIRE AND CABLE Converter, analog to digital | : 13 66 
Coaxial Converter, digital to analog | 19 44 
Flat ribb 
.— LINE FILTERS 
Multiconductor 0 37 36 18 
Hookup | 
Wire wrap CAPACITORS 
Ceramic fe) 
Power cords sear 
Ceramic monolithic 0 
Other wer 
Ceramic disc 0 
POWER SUPPLIES 
ats Film 0 
Switching 
Electrolytic 0 
Linear 
— Tantalum 6) 
CIRCUIT BREAKERS 
INDUCTORS 


HEAT SINKS 


Source: Electronics Purchasing magazine's survey of buyers 
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REMOVE COVER 


5V AD, 
REMQVE COVER 


». 


BP aan 


ABBOTT'S COMPLETE LINE OF SINGLE AND 
TRIPLE OUTPUT 200 kHz SWITCHERS. 


If your power supply requirements call for 100 watts for 
use in virtually every military application, whether it’s airborne, 
shipboard, ground support or aerospace, youre right on target 
with Abbott. 

Designed and built to meet the demands of MIL-STD- 
810C (environment) and MIL-S-90IC (shock ), Abbott's 
100-watt power supply models operate at 200 kHz for 
maximum efficiency, at the same time keeping EMI within 
the limits of MIL-STD-461B. 

Every unit features low ripple and noise specs as well 
as a low-profile, hermetically sealed case. Add a wide array of 
options that increase the versatility of Abbott's |00-watt power 
supplies and you've got the solution to your power supply 
requirements 00 percent of the time. 

For a copy of Abbott’s new, |12-page 1986 Military 
Power Supply Catalog, call or write today. Abbott Transistor 
Laboratories, Inc., Power Supply Division, 5200 West Jefferson 
Blvd., Los Angeles, CA 90016 (213) 936-8185. Eastern Office: 
(201) 461-4411. Southwest Office: (214) 437-0697. London 
Office: 0737 82 3273. 


MODEL 
DIMENSIONS 
INPUT 


OUTPUT 
single 
triple 


SWITCHING 
FREQUENCY 
EFFICIENCY 
RIPPLE/NOISE 
LINE & LOAD 
REGULATION 
EMI 
ENVIRONMENT 


INPUT 
PROTECTION 
TEMPERATURE 
operating 
storage 

MTBF* 
(minimum— 

ground benign) 


*MIL-STD-217D (50°C baseplate) 


WM 100 
1.875"x4"x7.5" 
320-480 Hz 
15Vac 

+ 10% 

100 watts 
5,12,15,24,28V 
5+12Vor 
5+15V 


200 kHz 
65 %-80 % 
0.5%-2% 


10 mV 
MIL-STD-461B 
MIL-STD-810C 
MIL-S-901C 


MIL-STD-704D 
-55°C to + 100°C 


-65°C to + 125°C 
99,408 hours 


WHEN RELIABILITY IS IMPERATIVE. 


MILITARY POWER SUPPLIES 


CIRCLE NO 153 


MB100 

1.875" x4"x7.5" 
47-65 Hz 
15Vac 

+ 10% 

100 watts 
5,12,15,24,28V 
5+12Vor 
5+15V 


200 kHz 
65 %-80% 
0.5%-2% 


10 mV 
MIL-STD-461B 
MIL-STD-810C 
MIL-S-901C 


MIL-STD-1399 


~ 20°C to +71°C 
~55°C to +85°C 
97,935 hours 


BC100 

1.875" x4"x7.5" 
dc 

22-32V de 

100 watts 
5,12,15,24,28V 
5+12V 

5+15V 


200 kHz 
65 %-80% 
0.5%-2% 


10 mV 
MIL-STD-461B 
MIL-STD-810C 
MIL-S-901C 


MIL-STD-704D 
— 55°C to + 100°C 


-65°C to + 125°C 
140,000 hours 
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Oscilloscope 


The HP 1631 A/D. 


HP put the two most important diagnostic 
tools used in logic design together for you. In one, 
easy-to-use instrument! 

The HP 1631A/D is a high-performance logic 
analyzer. It’s also an advanced dual-channel digitiz- 
ing oscilloscope with 200 Megasample/second 
performance. 

So now you can measure complex, simultaneous 
digital and analog signals with confidence. And view 
results on a single time-correlated display. ..making 
your cross-domain analysis quick and easy. 


The HP 1631A/D examines digital systems at 
the global level (system performance analysis), the 
functional level (state and timing analysis), and 
the parametric level (analog waveform analysis). 


You can store test data, waveforms, and 
instrument setups on HP disc drives. And even get 
hard-copy records of test results. 

Why buy a separate logic analyzer and oscillo- 
scope when you can get both in one instrument? 


Call toll-free 1-800-835-5577 today! 


You'll receive a free full-color 
brochure describing the features 
and capabilities of the HP 1631 A/D 
in detail. We'll mail our brochure 
to you right away! In Colorado, 
call collect 590-3490. Or contact 
your local HP sales office listed in 
the telephone directory white | 
pages. Ask for the electronic 
instruments department. 


TUSA list price only. 


E115606C 
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CIRCLE NO 154 


iF YOUR 
DISTRIBUTOR’S 
SALES TEAM THINKS 
MULTIBUS IS 
THE LATEST WORD 
IN PUBLIC 
TRANSPORTATION, 
YOUR DISTRIBUTOR 
NT PIONEER. 


You can pretty much Those who just know 
divide the worlds distributors — about selling, and those 
into two categories. who also know about the 


Huntsville, AL, (205 ) 837-9300. Norwalk, CT, (203) 853-1515. Washington, DC, (301) 921-0660. Ft. Lauderdale, FL, (305 ) 428-8877. Orlando, FL, (305) 834- 
9090. Atlanta, GA, (404 ) 448-1711. Chicago, IL, (312) 437-9680. Indianapolis, IN, (317) 849-7300. Kansas City, KS, (913 ) 492-0500. Boston, MA, (617 ) 861-9200. 
Detroit, MI, (313) 525-1800. Grand Rapids, MI, (616) 698-1800. Minneapolis/St. Paul, MN, (612 ) 935-5444. Pine Brook, NJ, (201) 575-3510. Binghamton, NY, 
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products they sell. 

Those who can't answer 
your design questions, and 
those who can. 

Pioneer is firmly posi- 
tioned in the latter 
category. And that’s © 
part of the reason 
why theyre so 
highly regarded by 
engineers. . 

This just-in-time dis- 
tributor has always taken 
plenty of time to learn about 
the products they sell. 

Especially when it comes 
to Intel. 

To this end, Pioneer puts 
select,experienced engineers 
through a rigorous Intel 
training program. A boot 
camp of tough, technical 
training. After a minimum of 
80 hours, they earn the 
degree of Advanced Tech- 
nical Specialist. Which means 
they can help you with 
everything from advanced 
VLSI to complete Intel 
systems. 

Pioneer salespeople 
also get technical training. 


In fact, most are actually 
Intel-qualified field sales 
engineers—with solid 
schooling from Intel's 
Technical Training 
Center. 

In addition to 
being an authorized 
Intel Technical 
Distributor, Pioneer 
has also qualified as an 
~approved Intel Value 
Added Distributor. This 
means they can provide you 
with both custom systems 
ae Pee and testing. 

of which fits in 
extremely well with the 
basic Pioneer philosophy. 
To develop strong, long- 
term customer relationships 
based on technical exper- 
tise, satisfaction and trust. 

So contact the Intel-trained 
specialist at the nearest 
Pioneer location listed below. 

And learn how just-in- 
time just got better. 


INTEL VIA PIONEER. 
— JUSTIN TIME. 


~ (607) 748-8211. Rochester, NY, (716) 381-7070. Woodbury, NY, (516) 921-8700. Charlotte, NC, (704) 527-8188. Cleveland, OH, (216) 587-3600. Dayton, OH, 
(513) 236-9900. Philadelphia, PA, (215) 674-4000. Pittsburgh, PA, (412) 782-2300. Austin, TX, (512) 835-4000. Dallas, TX, (214) 386-7300. Houston, TX, (713) 


988-5555. 
EDN September 4, 1986 
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SLOPE 


is 
Sol 


This year, more high-performance oscillo- 
scopes than ever are available in the 150- 
MHz to 1-GHz bandwidth range. Unlike 
earlier ligh-performance scopes, many re- 
cent models offer extra features—such as 
onscreen cursors, LCD readouts, and auto- 
matic setup—that make them easter to use 
and improve their productivity. 


Chris Everett, Regional Editor 


The 1-GHz real-time oscilloscope that was introduced 
several years ago (Tektronix’s Model 7104) is still the 
fastest of its kind. Until recently, however, you could 
select from very few scopes in the range between this 
1-GHz model and the 100-MHz workhorse. Today, you 
can choose from a much wider selection of high-perfor- 
mance scopes (see Table 1 on pg 136 and Table 2, which 
begins on pg 148). These scopes, which generally 
exhibit bandwidths of 150 MHz or higher, include 
real-time models as well as digital and analog storage 
models. 

Unlike previous high-performance scopes, which 
were often difficult to operate, these new high-perfor- 
mance scopes incorporate a number of features that 
make them easy to use. For instance, many offer 
automatic-setup features, which put your trace on the 
screen quickly so that you can start taking measure- 
ments right away. Further, these scopes also have 
additional measurement features—such as onscreen 
cursors, envelope storage mode, and setup storage— 
that allow you to take faster, more accurate measure- 
ments. Although many of these measurement features 
have been common on scopes with bandwidths lower 
than 150 MHz, they were heretofore unavailable on 
high-performance machines. 

Although Tektronix introduced the Model 7104 more 
than five years ago, that 1-GHz scope is still the fastest 
nonstorage oscilloscope available. When you add the 
7A29 vertical plug-in module to the 7104 mainframe, 


You needn’t sacrifice measurement features to achieve high perfor- 
mance with top-of-the-line oscilloscopes. These scopes now offer specs 
like 4-div/nsec writing speeds as well as such features as automatic 
setup and AT measurement capability. (Photo courtesy Philips Test 
& Measuring Instruments Inc) 
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500-M Hz single-shot events are easily captured by Tektronix’s 7934 
analog storage oscilloscope. The 7934’s 700-psec rise time and 4-cm/ 
nsec writing speed makes it the fastest direct-storage oscilloscope 
available. 


you can measure rise times as short as 350 psec with 
less than 2% error. 

When coupled with either the 7B10 or 7B15 timebase 
modules, the 7104 can sweep a signal at 200 psec/div. 
The 7104’s visual writing speed is fast enough for you to 
view a 1-GHz single-shot event under normal room 
conditions. The 7104’s photographic writing speed is at 
least 20 cm/nsec, or approximately two-thirds the speed 
of light. 

At the opposite end of the high-performance range 
are the 150-MHz Tektronix 2445A and Kikusui 
COS6150. The 2445A, which has a 150-MHz bandwidth, 
is a 4-channel scope. It provides cursors that let you 
make both delta voltage (AV) and delta time (AT) 
measurements with the 2445A’s cursors. An option lets 
you resolve time-interval measurements to 10 psec. The 
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Until recently, you could choose from very 
few Ingh-performance oscilloscopes between 
the $1700 100-MHz scope and the 
$30,000 1-GHz real-time model. 


2445A’s delay circuitry lets you expand and display any 
portion of the A-sweep signal, including the A-sweep 
trigger event itself. 

The 150-MHz Kikusui COS6150 is a 5-channel scope. 
Channels 1 and 2 are full-function channels. The verti- 
cal sensitivity controls range from 5V/div to 5 mV/div, 
and each channel has trace-position controls and AC/ 
GRD/DC selectors. Channel 3’s vertical sensitivity con- 
trol is limited to two positions: 0.1V/div and 1V/div. 
Besides acting as signal inputs, both channel 4 and 
channel 5 are used for the external trigger inputs and 
have a fixed sensitivity of 0.1V/div. You can display the 
signal CH1+CH2 and data from all five channels at one 
time on the COS6150. 

The COS6150 scope also has an alternate trigger 
function. If you want to view three signals that are not 
time-related, you can use the alternate trigger function 
to get stable displays of the signals. If one of the three 
inputs doesn’t have a signal, the scope bypasses that 
channel and goes to the next channel to look for its 
trigger. This feature appears only on the Kikusui 
scopes. 


High sampling rate minimizes data loss 


The LeCroy 9400 digital storage oscilloscope acquires 
data at an effective sample rate of 5G samples/sec and 
so qualifies as a high-performance scope in spite of the 
fact that it measures signals only as high as 125 MHz. 
Each of the 9400’s digitizing channels is backed by 32k 
bytes of memory. (The channels of most other digital 


Dual 200-MHz digitizers let you make single-shot measurements to 
30 MHz and repetitive-signal measurements to 300 MHz on Hewlett- 
Packara’s 54201A digital storage oscilloscope. 


scopes have only 1k byte of memory each.) Despite the 
machine’s large memory, however, the longest wave- 
form you can capture at the 5G-sample/sec rate is only 
about 6.55 nsec (but the scope does provide 200-psec 
resolution). 

To increase a digital scope’s effective bandwidth to a 
value well above the sampling rate of its A/D converter, 
manufacturers will incorporate repetitive-sampling 
techniques in the scope. Hewlett-Packard’s Model 
54100A, for example, parlays a 40M-sample/sec rate 
into an effective bandwidth of 1 GHz. LeCroy, howev- 
er, limits the 9400’s effective bandwidth to 125 MHz 


TABLE 1—HIGH-PERFORMANCE-OSCILLOSCOPE SELECTION GUIDE 


150-MHz TO 250-MHz 


> 250-MHz TO 400-MHz 


BANDWIDTH BANDWIDTH 
NONSTORAGE DIGITAL ANALOG -NONSTORAGE DIGITAL ANALOG 
STORAGE STORAGE STORAGE STORAGE 
HITACHI V-1150 TEKTRONIX 2430 IWATSU SS-5421 HEWLETT. TEKTRONIX 7834 
IWATSU $S-5712 | PHILIPS PM 3290 PACKARD erent 
SS-5321 PM 3295 
KIKUSUI COS6150 PM 3296 TEKTRONIX 7854 
LECROY 9400 TEKTRONIX 485 _ 
NICOLET 4094B/4175 2465A 
2465A CTS 
PHILIPS PM 3280 2465A DMS 
PM 3285 2465A DVS 
PM 3286 2467 
-TEKTRONIX 2445A 7844 
704A 
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and uses the 5G-sample/sec sample rate to minimize 
potential errors in waveform reconstruction and tim- 
ing. At its fastest data-acquisition speed, the 9400 can 
collect 40 points per cycle on a 125-MHz signal. There- 
fore, you don’t need sine or dot-to-dot interpolators to 
fill in the missing information. 


Wireless remote control speeds programming 


Philips’s 3280, 3285, and 3286 175-MHz scopes are 
similar to each other except for a few minor differences. 
Unlike the 3285 and 3286, the 3280 doesn’t have cursors 
to make AT and AV measurements. The 3286 is basical- 
ly a 8285 except that it has an IEFEE-488 interface and a 
TV-style hand-held remote-control unit. 

The 8286’s remote control stores complete front- 
panel settings instead of having individual controls that 
duplicate the controls on the scope itself. You set the 
measurement and display controls by hand or via the 
IE EE-488 interface. You then store the setup by press- 
ing the Save button on the remote-control unit. The 
basic unit lets you save as many as 25 setups; an option 
lets you save as many as 75. Each setup contains all 
measurement and display parameters, such as vertical 
deflection factors, timebase settings, display positions, 
and trigger levels. To call up a particular setup, you 
press the Recall button. You can also step through a 
sequence of setups and delete or insert setups. 

All three models have an automatic-setup (or auto- 
set) feature. When you press the autoset button, the 
Scope will find the beam, place it in the center of the 


>400-MHz 
BANDWIDTH 


NONSTORAGE DIGITAL 


STORAGE 


ANALOG 
STORAGE 


TEKTRONIX 7904A 
7104 


HEWLETT- 

PACKARD 54100A 
54100D 
54110D 


IWATSU SS-8120/V-860 
SS-8130 


TEKTRONIX 7934 
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Stable, automatically triggered displays of probed waveforms ap- 
pear on screen when you press one button on the Tektronix 2465A 
(350-MHz) and 2445A (150-MHz) analog scopes. The scopes can also 
store and recall a series of front-panel setups. 


screen, and calculate and set the vertical-deflection, 
timebase, and triggering controls. The settings for the 
controls are then automatically displayed on the scope’s 
front-panel LCD readouts and LED indicators. | 

Philips’s 350-MHz scopes have all the extra measure- 
ment features of the company’s 175-MHz scopes. The 
350-MHz 3290, 3295, and 3296 have a 10-nsec/div time- 
base that can be magnified to 1 nsec/div. For single-shot 
and low-repetition-rate signals, the scopes sport a 
4-div/nsec photographic writing speed. 

Tektronix’s 2465A, an updated version of the 300- 
MHz 2465, has a bandwidth of 350 MHz, measured at 
the probe tip. Most scope manufacturers specify a 
product’s bandwidth at the input connector on the 
scope’s front panel. The probes you use with a scope 
could cause its bandwidth to drop. If you use Tektron- 
ix’s P6136 probes with the 2465A (two are supplied with 
each basic instrument), the company guarantees that 
the instrument will exhibit a 8350-MHz bandwidth even 
at 2-mV/div sensitivity. The 2465A also sports a num- 
ber of measurement features not found on the earlier 
version. For instance, it offers an automatic-setup 
feature that’s very similar to the one on Philips’s 
3280/85/86 and 3290/95/96 series. If you’re measuring 
more than one signal when you press the autoset button 
on the 2465A, the machine senses which channels are 
active and correctly formats and displays them on the 
screen. 

The 2465A series also has a front-panel store/recall 
feature. You set the front-panel controls to the setup 
you want to save (the position of the on-screen cursors 
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Be careful not to confuse a digital storage 
scope’s bandwidth spec with tts effective- 
bandwidth spec. The latter applies only to 
repetitive events. 


is part of the setup), push the Save button, and enter 
the file number. You can save as many as eight individu- 
al files. To recall a setting, you press the Recall key and 
enter the file number. You can also store and recall a 
sequence of settings for semiautomatic test applica- 
tions. You can store a sequence of as many as 20 
different setups and recall them in any programmed 
order. You can also label each setup. For hands-free 
operation, you can use an optional foot switch that 
plugs into the back of the oscilloscope. 


Infrequently occurring events made visible 


With their high bandwidths and fast rise times, these 
high-performance scopes can test today’s fast logic 
circuits. To display signals with fast rise times, howev- 
er, a scope must provide faster sweep speeds. Faster 
sweep speeds mean that the CRT beam spends less 
time at a particular point on the screen to excite the 
phosphor. If you’re viewing a signal that has a low 
repetition frequency, you may find that your scope can’t 
supply enough energy to yield a bright trace. 

One solution to the problem is offered by Iwatsu’s 
SS-5421, a 350-MHz, 3-channel scope that offers an 
enhance mode. When you press the Enhance key, the 
SS-5421’s CRT beam current doubles, increasing the 
intensity of the trace. 


You can turn your nonstorage scope into a digital storage system by 
connecting a digitizing camera system to your scope’s face. The 
C1001 charged-coupled-device (CCD) camera from Tektronix reads 
the light given off by the CRT phosphor and transmits a video signal 
to a frame/store card, which is plugged into a PC. The frame/store 
card digitizes and stores the waveform for analysis and display on 
the PC. 
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Offering a sampling rate equivalent to 5G samples/sec, the 125- 
MHz 9400 digital oscilloscope from LeCroy effectively lets you 
sample a repetitive waveform once every 200 psec. 


Tektronix offers another solution to the problem in its 
350-MHz Model 2467 (and its 1-GHz Model 7104). 
Instead of increasing the CRT beam’s current to bright- 
en the trace, the 2467 uses a microchannel plate in the 
CRT tube as an electron multiplier to get more elec- 
trons to the phosphor. The microchannel plate itself is 
located directly behind the CRT screen. 

When the CRT electron beam hits the microchannel 
plate, the electrons enter the closely spaced parallel 
channels in the plate. The channels are offset at an 
angle relative to the direction of the beam. Therefore, 
the entering electrons immediately release secondary 
electrons. As these secondary electrons move down the 
channels, they cause additional emissions, which in- 
crease the multiplication effect even further. On leav- 
ing the channels, the electrons then travel to the CRT 
screen and excite the phosphor to create a trace. The 
resulting trace is approximately 1000 times brighter 
than a trace on a standard CRT. 

Not only does the microchannel-plate technique aug- 
ment dim traces, it also limits bright traces to a 
comfortable viewing level, preventing them from 
blooming and preventing the CRT from burning out. 
When the channels in the microchannel plate are bom- 
barded with a beam that has a high rate of repetition, 
the channels saturate, limiting the electron-beam cur- 
rent from the microchannel plate to the CRT screen. 
This feature is important for viewing infrequent 
events, such as glitches, that are superimposed on 
highly repetitive events. 
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The 2467 has four channels, a 1-nsec rise time, and a 
500-psec/div maximum sweep speed (when you add the 
X10 magnifier). The 2467 has the same options as those 
available on the 2445A and 2465A scopes. The autoset 
and save/recall features are standard on all three in- 
struments. 


Camera digitizes your analog scope’s display 


To save a waveform for post processing, you can use 
film photography or a charged-coupled-device (CCD) 
digitizing camera. Tektronix’s Digitizing Camera Sys- 
tem ($5395) consists of a CCD digitizing camera plus a 
frame/store card that plugs into a personal computer. 
The frame/store card converts the camera signal from 
analog to digital and stores the resulting data for 
manipulation and analysis by the PC. 

The camera uses Tektronix’s C30 Series camera- 
bezel adapters, so it’s compatible with most oscillo- 
scopes, both from Tektronix and from other companies. 
The camera reads the light given off by the CRT 
phosphor. When it’s used with the 7104, for example, 
the camera can catch both repetitive and transient 
events to 1 GHz. The camera system digitizes the trace 
at an effective sampling rate of 4 psec or 250G samples/ 
sec. 

The camera system has full geometric correction 
routines, including those for correcting lens distortion 
and CRT electron optic distortion.. The camera system 
also employs procedures that correct for horizontal and 
vertical linearity. The image-processing technology can 
extract trace centers from one point in 4096 (ie, it 
provides 12-bit resolution). The image processor sam- 
ples the CRT screen’s brightness values for each pixel 
to select one very precise waveform point that is the 
trace center. The digital camera system’s signal resolu- 
tion is at least 10 times that of the human eye. 

The supporting software package for the camera 
system includes a calibration function that corrects for 
digitizing errors, a save-on-delta function that sets 
comparative tolerances for transient analysis of wave- 
forms, and a set of system-maintenance and self-diag- 
nostic functions. 

You can also call up waveform-analysis functions to 
take measurements of rise time, fall time, area under 
the curve, waveform differential, and delta time. The 
software allows you to manipulate the displayed wave- 
forms with a zoom feature; the graphic routines let you 
add titles to waveforms. 

Although it’s a bit bulky, the digital-camera system 
gives analog scopes some of the advantages of digital 
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This handheld IR remote control unit used with the 350-MHz PM 
3296 from Philips lets you recall as many as 25 front-panel setups. — 


storage scopes—the PC displays have a constant inten- 
sity, and the digital-camera system keeps a digital 
record of a waveform. 


Digital storage scopes 


If you’re looking for a high-performance digital stor- 
age oscilloscope, you’ll be happy to find that these 
scopes offer both higher bandwidths and lower prices 
than before. Digital storage scopes have two bandwidth 
specifications: one for acquiring a single-shot or single- 
pass event and one (effective bandwidth) for acquiring 
repetitive events. The machine’s bandwidth for single- 
shot waveforms will be lower. When you review the 
bandwidth specification for a digital storage scope, 
then, be sure that you know whether the spec refers to 
the scope’s single-shot bandwidth or its effective band- 
width. Because the single-shot bandwidth of a scope 
depends on the signals you measure and the interpola- 
tors, if any, that the oscilloscope provides, many scope 
manufacturers will not even provide a bandwidth spec; 
instead, they’ll give you only the digitizer’s sample rate 
and let you determine the bandwidth yourself. 

Until two or three years ago, most digital storage 
scopes used a real-time digitizing scheme to sample 
incoming waveforms. A real-time digitizing scope col- 
lects all its data points during a single pass of the 
incoming waveform; it doesn’t collect additional data 
points during repeated passes of the waveform. Assum- 
ing the scope’s analog circuitry has an adequate band- 
width, the scope’s bandwidth is directly related to the 
sampling rate of its digitizer. 

Theoretically, the highest bandwidth a real-time 
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To save a waveform for post processing, you 
can use film photography or a charged- 
coupled-device (CCD) digitizing camera. 


A built-in frequency counter, a digital multimeter, and on-screen 
cursors for AT and AV measurements add to the productivity of 
Hitachi’s 150-MHz, 4-channel, 8-trace oscilloscope. 


digitizing scope could have would be 50% of the sam- 
pling rate. Realistically, however, real-time digitizing 
scopes have bandwidths that are 10% to 40% of their 
digitizers’ sampling rates. Today’s oscilloscope digiti- 
zers are limited to sampling rates of 100M to 200M 
samples/sec. As a result, the bandwidths of real-time 
digitizing scopes are limited to below 50 MHz, which is 
not adequate for most design engineers’ needs. 


Repetitive sampling boosts bandwidth 


Manufacturers solve this problem in modern digit- 
izing oscilloscopes by employing repetitive-sampling 
techniques. These techniques increase a scope’s band- 
width above its digitizer’s sample rate. Two repetitive- 
sampling techniques currently exist in digital scopes: 
sequential sampling and random sampling. The tech- 
niques apply only to repetitive waveforms; they don’t 
work with single-shot events. 

Iwatsu’s SAS-8130 waveform analyzer uses the se- 
quential-sampling technique. When triggered, the 
SAS-8130 takes one sample of data during the first pass 
of the waveform. During the second pass, the analyzer 
inserts a small delay and takes a second sample. During 
the third pass, the analyzer inserts another delay and 
takes a third sample. Although the scope samples data 
at 70k samples/sec, the effective bandwidth is 3.5 GHz 
or 12.4 GHz, depending on which sampling head you 
use. The vertical resolution is 10 bits. 

The SAS-8130 has a number of built-in measurement 
functions that take time and voltage measurements and 
perform waveform searches and autoranging. You can 
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store as many as 15 sets of measurement functions, or 
programs, and call them up one at a time or have the 
analyzer automatically sequence through the pro- 
grams. 


Display modes increase scope productivity 

Because the SAS-8130 uses only the sequential- 
sampling technique, you can’t use it to view single-shot 
events. Tektronix’s 2430 digital scope, however, em- 
ploys both real-time sampling and sequential sampling, 
so you can capture both single-shot events and repeti- 
tive events with bandwidths as great as 150 MHz. The 
scopes use two CCD-based digitizers that operate to 
100M samples/sec with 8-bit resolution. The 2430's 
single-shot bandwidth can be 40 MHz when you use the 
internal, modified sine x/x interpolator. 

The 2430 can also catch and display single-shot 
glitches as short as 2 nsec. Instead of relying on the 
digitizers to detect the glitches, the 2430 uses a custom- 
designed peak detector. The glitch-detecting hybrid 
circuit actually consists of several detectors. When an 
input signal enters the scope, the signal is split into two 
signals of opposite polarity, which go directly to two 
positive and two negative detectors. The pairs of peak 
detectors are very useful: One of each pair can detect 
peaks while the other is tracking or being sampled. This 
way, the machine can detect glitches that didn’t occur 
at the instant the input signal was sampled. 

For the glitch-capture circuitry to operate, the ma- 
chine must be in the envelope storage mode. In this 
mode, the 2430 records and displays only the minimum 


You can view five channels of 150-MHz data at a time on Kikusui’s 
COS6150 oscilloscope. The COS6150’s alternate trigger function 
provides stable triggering even when the input signals are not 
time-related. 
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CIRCLE NO 212 


On-Line Help menus, 
Command Glossary, 
and Word List. 


Windows can be used 
to view source files, 
previous traces, 

and more. 


Symbol translation 
or source code 
line display. 


Screen displays scroll off 
into history buffer — 
can be viewed later. 


Microprocessor Development 
Dreams Come True! 


Pop-up Mode 
Selection panel 
called by soft key. 


Disassembly of code 

in memory can be 
compared with trace in 
adjacent window. 


Symbolic debug 
register display. 


Context sensitive 
prompt line. 


NEW UniLab IT": FOUR INSTRUMENTS IN ONE! 


Here are all the development 
tools you ever dreamed of integrated 
into one PC-controlled system: 

e An Advanced 48-Channel Bus 
State Analyzer 

e An 8/16-Bit Universal Emulator 

@ A Built-In EPROM Programmer 

@ An Input Stimulus Generator 


The-synergy of these instru- 
ments that were designed together 
to work together saves you time and 
money. All UniLab II commands 
and menus are seamlessly integrated 
into a single, super-efficient working 
environment. 


ACTION COUPON 
Send me info on UniLab IT and 
your No-Risk 10-Day Evaluation! 


Name: Title: 
Company: 

Address: 

City: 

State/ZIP: 

Ter: Ext. 


UniLab Ir” EDNO090486 


Universal Development Laboratory 


702 Marshall Street 
Redwood City, California 94063 
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An Integrated Software 
Environment, too! 


Imagine being able to split your 
screen and look at real-time program 
traces and the source code that pro- 
duced them at the same time! Then 
go to the On-Line Help or pop-up 
Mode Panels instantly. 

If you see something on a trace 
that doesn’t look like last time, you 
can hold it in one window while 
you scroll back through your pre- 
vious displays. 

If you set a breakpoint and 
single-step, you can then go back to 
using the analyzer without missing 
a beat. You can even execute a DOS 
batch file from UniLab to edit, as- 
semble, and link, then automatically 
load the new program and symbol 


table. UniLab uses the full power of 
the PC. 


Find bugs fast with 
Hardware-assisted 
Debugging 

The traditional way to look for 
bugs is to single-step through sus- 
pect parts of the code until you catch 
it in the act. This requires a lot of 
guessing and wasting time. 

With UniLab’s built-in analyzer, 
you eliminate the guesswork. Just de- 


scribe the bug symptom as a trigger, 
and let the UniLab hardware search 


for it as your program runs in real 
time. UniLab will show you a trace 
of the program steps leading up to 
the symptom, almost like magic. 


A friendly user interface 

UniLab lets. you use commands 
or menus — or a mixture of both. An 
on-line manual, soft-key help screens, 
a glossary of commands and their 
parameters, with full-screen writeups 
are also at the ready. 


Reconfigure for any 8 or 
16-bit processor in seconds 


Thanks to our unique approach 
to emulation, changes between pro- 
cessor types require only cable and 
diskette changes. At last count, we 
specifically support over 120 micro- 
processors. 

Bonus! The built-in EPROM 
Programmer and Stimulus Genera- 
tor are simply icing on the cake. 


Affordable capability 


How much does all this superior 


‘capability cost? A lot less than our 


less able competitors, and probably 
a lot less than you expect. Our pro- 
ducts are sold with a Money Back 
Guarantee, and our crack team of 
Applications Engineers is standing by 
if you need help. Get the full story 
on the amazing UniLab II and how it 
can liberate your development pro- 
jects, today. 


CALL TOLL FREE: 1-800-245-8500 
In California (415) 361-8883 


CIRCLE NO 239 


EDN September 4, 1986 


FAigh-performance digital scopes all use re- 
petitive-sampling techniques to increase 
their bandwidths above thew digitizers’ 
sample rates. 


and maximum waveform values detected over one or 
more sweeps. The envelope mode makes the 2430 
useful for monitoring signal frequency and amplitude 
drift, or for finding pulse dropouts or extraneous 
pulses. 

The 2480 also has an acquisition mode where you 
define the waveform envelope. After you’ve defined the 
waveform’s envelope, the 24380 will continuously take 
readings until part of the incoming waveform falls 
outside the envelope. The 2430 then stops and saves the 
waveform. This capability is useful for finding intermit- 
tent glitches or failures. 

Hewlett-Packard’s 54201A and 54201D scopes also 
feature an envelope display and an accumulate mode. 
When they’re in the accumulate mode, the scopes 
display all successive waveform acquisitions until you 
erase them. If the incoming signal exhibits a glitch 
condition or a metastable situation, the accumulate 
mode will detect it. 

The 54201A and 54201D are 300-MHz repetitive- 
bandwidth scopes. The two models differ in their trig- 
gering capabilities. The 54201A has a single external 
analog trigger input. The 54201D lets you trigger on 
logic-state events, much as you do with a logic analyzer. 
You can ask the 54201D to trigger after it detects a 
sequence of four words. The first three trigger words 
can be as many as 27 bits long. The last trigger 
condition can consist of four 27-bit words that are ORed 
or ANDed and have occurred a specified number of 
times. After all the conditions are met, the 54201D can 
either trigger immediately or wait for the next analog 
trigger condition before triggering. You can also set the 
54201D to trigger on a missing bit in a string of serial 
data, or to trigger when an extra bit has been added to 
the string. 

Both models have onscreen cursors that let you make 
time and voltage measurements. You can measure the 
time between two data points to within 200 psec. Both 
units automatically take measurements of frequency, 
period, pulse width, and transition time, as well as a 
number of delay and voltage measurements, every time 
a recording is made or a waveform is called up from 
memory. 

One of the key advantages that a real-time digital 
storage oscilloscope has over an analog scope is the 
ability to record and display data that occurs before the 
trigger. Digital storage scopes that use the sequential- 
samping technique don’t have this advantage; although 
they have higher bandwidths than do their real-time 
counterparts, they can’t save pretrigger data. 
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Able to sample and display a repetitive 12.5-GHz waveform, 
Iwatsw’s SAS-8130 waveform analyzer lets you use the keyboard to 
direct the digital scope to make time and voltage measurements, 
perform waveform searches, and store and recall measurement 
programs. , | 


To allow its digital sampling scopes to retain pretrig- 
ger data, Hewlett-Packard uses random-repetitive- 
sampling technology. As with sequential sampling, 
random repetitive sampling works only with a repeti- 
tive waveform. However, unlike machines that perform 
sequential sampling, scopes that use random sampling 
don’t control the time between the trigger and the 
sample points: This time is random. The scope can 
measure the interval between the collected sample 
points and the trigger, however. Because the scope 
can’t tell whether it’s measuring the time from a sample 
point to the trigger (pretrigger data) or from the 
trigger to a sample point (post-trigger data), it can save 
both pretrigger and post-trigger data. 

Further, a random-sampling scope’s bandwidth is not 
limited by its sampling rate, because the trace is built 
up from data taken from a number of passes of the 
waveform. The bandwidth depends on the scope’s ana- 
log front-end circuitry and its track/hold circuit. 

Employing the random-sampling technique are 
Hewlett-Packard’s 54201A and 54201D, which have a 
300-MHz effective bandwidth, and the company’s 54100 
series, which has an effective bandwidth of 1 GHz. The 
54100 series, which comprises three models (the 
54100A, the 54100D, and the 54110D), offers a 350-psec 
rise time. These scopes can trigger on pulses as narrow 
as 1 nsec. You can display waveforms with sweep 
speeds of 100 psec/div and make timing measurements 
with 10-psec resolution. 

The 54100D and 54110D differ from the 54100A in 
that, like the company’s 54201D oscilloscope, they trig- 
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Analog storage scopes are still essential for 
capturing high-speed single-shot events. — 


ger the way a logic analyzer does. The 54110D has a 
color display, and it also has some capabilities not found 
on the 54100D. For example, the 54110D lets you add or 
subtract either channel’s data from the other, so you 
can make differential measurements. It also allows you 
to display an X-Y plot (for making high-speed I-V 
measurements, for example). 

The scope lets you automate time-delay measure- 
ments between events occurring on two separate data 
paths by programming the voltage cursors to seek out 
the 50% points on the displayed waveforms. The scope 
then automatically displays the resulting time-interval 
measurement. | 

Each of the three models has six waveform memo- 
ries, two of which are pixel memories. You can store 
any number of waveforms in them. The remaining four 
memories can each store one waveform, and you can 
recall the waveforms for post-acquisition data measure- 
ment and data manipulation. 

Now that digital storage scopes offer 1-GHz band- 
widths, you may wonder whether analog storage scopes 
are still useful. They are—they’re essential for captur- 
ing high-speed single-shot events. Remember that dig- 
ital storage scopes with bandwidths above 50 MHz all 
depend on being able to sample multiple passes of a 
waveform; they can’t capture a high-speed single-shot 
event. 

To capture a high-frequency single-shot phenome- 
non, you can use Tektronix’s 7834 400-MHz analog 
storage scope or 7934 500-MHz scope. The 7934 has a 
700-psec single-shot rise-time storage capability, and it 
features a 4-cm/nsec writing speed when it’s in fast- 
variable-persistence mode and the display area on the 
CRT is reduced. 

When the scope’s in this mode, a waveform appears 


within a 3.6x4.5-cm grid in the center of the screen, 
and the display remains visible for approximately 30 
seconds. If you are storing signals with lower band- 
widths, you can use one of several other storage modes. 
The bistable mode, for example, gives you at least 30 
minutes of viewing time. By pressing the Save button, 
you can extend the viewing time to several hours. The 
7934, with its 500-MHz bandwidth, is the fastest direct- 
storage scope available today. 

If you need to view faster single-shot phenomena, 
you must turn to the scan-tube-conversion technology 
of Tektronix’s 7250 oscilloscope. The 7250 has a 6-GHz 
bandwidth and a 50-psec rise time. It has program- 
mable sweep delay and 14 sweep speeds from 1 to 50 
psec/div. You can use an external generator to provide a 


‘sinusoidal (Rossi) sweep capability to 3 GHz. You must 


use the 7250 with an external trigger and with a 
50-nsec pretrigger pulse. 

After storing the waveform on the scan tube, the 
scope digitizes the waveform. The digitizer has 11 bits 
of vertical resolution and nine bits of horizontal resolu- 
tion. You can store as many as 15 acquisitions in internal 
memory. The 7250 also has onscreen cursors for wave- 
form measurement. Its waveform-processing capabili- 
ties perform data correction, filtering, and smoothing. 

Although it will be a long time before digital storage 
oscilloscopes reach the performance level of the 7250, in 
the near future you can expect to see digital storage 
scopes whose digitizers can reach speeds on the order of 
1G sample/sec. £DN 


Article Interest Quotient (Circle One) 
High 470 Medium 471 Low 472 
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The 
Incomparable’ 


MF scope! 


In performance, price and ease- 
of-use our new PM3050 family of 
50 MHz oscilloscopes is truly incom- 
parable. Behind a logically layed-out 
front panel there’s a level of techno- 
logy never before attained in MF 
scope design. Yet surprisingly, they 
are the lowest priced MF’ scopes on 
the market! 


Take a look at these unique bene- 
fits: 
™ AUTO-SET facility and LCD Stattis/ 
setting panel for optimal signalsetting 
and instant display of all signal para- 
meters. 


= Extremely high performance and 
specification thanks to special features 


like:16kV CRT unit, versatile tiggering 
functions up to 100 MHz, plug-in system 
modularity and extensive use of IC 
microelectronics. 


USDA IEE 


eer OES 
etree LOE ? 


= Product Credibility in technology, 


technique, quality and service be- 
cause the PM3050 family is backed 
by the vast corporate resources of 
one of the world’s largest electronics 
companies. 


Test the difference and you'll also 
agree that Philips wins on price and 
performance! 


Whntte to: Philips I&E, T&M Department. 
Building HKF/55. 5600 MD Eindhoven. 
— *» The Netherlands: 040-78 28 08 
theceen eae . Germany: (0561) 50 14 86 
, Great Bnitain: 0223-35 88 66 
France: 01-4830 11 11 
Belgium: 02-525 6111 
Switzerland: 01-488 22 11 
Italy: 039-3635240/8/9 


PHILIPS 


pHitips| Test & 
Measurement 
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Copyright © 1985, Tektronix, Inc. All rights reserved. #TXA-613 
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Anti-aliasing enhances mea- 

surement confidence. Signal 

distortion (sample mode only) i 
shown at high frequencies (top) 
The peak detect mode displays 
peak information without signal 
distortion (bottom). 


PRESSIVE NUMBERS. 


Features 2230 2220 
Analog/Digital Storage 
Bandwidth 100 MHz 60 MHz 


Single Shot (Transient) B.W. 
(10 points per signal period) 2 MHz 2 MHz 


Maximum Sampling Speed 20 MS/s 20 MS/s 
Record Length AK/1K (selectable) 4K 


Save Reference Memory One, 4K One, 4K 
Three, 1K 


: Vertical Resolution 8 bit 


8 bit 


10 bit (avg mode) 
Peak Detect Yes (100 ns) Yes (100 ns) 
| Averaging , Yes (menu-selectable) Yes (rep. sampling) 
 X-Y Storage Bandwidth = = 100 MHz 60 MHz 
GPIB/RS-232-C Options Yes (talker/listener, Yes (talker/listener) 
includes 26K of battery- 
backed memory) 
Price 35 150 $4150 


- are easy to use and afford. And Get the reliability and perform- 
_ backed by Tek’s famous 3-year — ance you expect in Tek scopes, 
warranty that includes the CRT. ~_ now enhanced by digital storage, 

‘con- at unexpected prices: $4150 for 
trols are familiar, comfortable, the 2220, $5150 for the 2230. 
- easy to identify. Designed to push For the full story, and 
_ productivity and minimize training more impressive numbers, 
time. contact your local Tek Sales 


‘narrow as 100 ns at any sweep 
speed—even on a single sweep. - 
You'll also find such features as 


‘post-acquisition expansionand —_ Inthe 2230, CRT readout of Representative today. Or call the 
compression, X-Y capability to _ front panel settings and key Tek National Marketing Center, 
each scopes storage bandwidth — parameters means even more ‘ 
and, forsystems use, optional === convenience, withcursorsfor —syT , 600-426-2200. 

GPIB or RS-232-C interfaces. waveform voltage and timing — fi TeQON, Call COWEC!, 


Best of all, the 2220 and 2230 + ~—s measurements. (503) 627-9000. 


High display resolution and 100 MHz, non-storage The 2230 offers the conve- 


On-screen viewability lets you 

expand, compress, and position accuracy permits on-screen capability comes standard in nience of CRT readout in both 
waveforms saved in reference viewing of signals such as the the 2230. In addition, there's storage and non-storage modes 
memory. This permits easy view- —__ TV test signal shown here. 4K of dual channel, dual timebase, at 100 MHz. Storage mode 

ing and display flexibility of up record information can be versatile triggering and CRT cursors make AV, AT, and 1/AT 
to eight saved waveforms. viewed in 1K windows. readout. measurements fast and easy. 


Tektrone 


COMMITTED TO EXCELLENCE 
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TABLE 2—HIGH-PERFORMANCE OSCILLOSCOPES 


ANALOG DIGITAL 
NONSTORAGE STORAGE STORAGE 
OPERATION OPERATION OPERATION 


MODEL 
COMPANY NUMBER 


DEFLECTION FACTOR? 


(mV/DIV) 
MAXIMUM TIMEBASE 


SWEEP RATE? 


MINIMUM VERTICAL 
(nSEC/DIV) 


(M SAMPLES/SEC) 
EQUIVALENT TIME 
SAMPLE-MODE 
BANDWIDTH 


INPUT CHANNELS? 
(MHz) 


WRITING SPEED 
DIGITIZING RATE 


(DIVnSEC) 
RESOLUTION 


BANDWIDTH 
(BITS) 


(MHz) 
TIMEBASE 


VERTICAL 


ANALOG 
NUMBER OF 
MAXIMUM 
MAXIMUM 


DUAL 


1 a a a ee a ee 
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> ~~ 
4& 
ao ‘am 
=i9 AUTOMATED 
HSE MEASUREMENTS COMMENTS 


AUTOSCALE FEATURE AUTOMATICALLY PROVIDES A SCALED DISPLAY 
OF THE INPUT. YOU CAN STORE FOUR MEASUREMENT SETUPS IN 
MEMORY 


HAS SAME FEATURES AS THOSE OF 54201A PLUS LOGIC-ANALYZER- 


WEIGHT| BASE 
(LBS) | PRICE 
LIKE TRIGGERING CAPABILITY 


ae - 
|THE PRESENT CAPABILITY AUTOMATICALLY PROVIDES A SCALED 


__| DISPLAY FOR EITHER TTL OR ECL. YOU CAN STORE AS MANY AS 10” 
| MEASUREMENT SETUPS. YOU CAN SET THE DISPLAY’S TIMEBASE TO — 
| 100 pSEC/DIV AND MAKE TIMING MEASUREMENTS = \OpSEe  - 
RESOLUTION _ _ 


| ~$19;200 | HAS SAME FEATURES AS THOSE OF 541008 PLUS [OGIG-ANALYZER- : 
LIKE TRIGGERING CAPABILITY _ , 


OMATIC WAVEFORM, AT, AV a $21, 100 | HAS SAME FEATURES AS THOSE OF 54100D PLUS COLOR DISPLAY 


FREQUENCY, DC AND AC $2950 | YOU CAN PLACE TWO LINES OF COMMENTS ON THE DISPLAY 
_ VOLTAGES, AT, AV 
Te $2999 | CAN TRIGGER ON A 4-BIT WORD WHEN YOU USE THE OPTIONAL 
COMBINATION TRIGGER PROBE => 
ae "YOU CAN MAGNIFY TIMEBASE SWEEP RATE TO 1 nSECIDIV 


a. “$6950 | HAS SAME FEATURES AS THOSE OF SS-5321 
12,390 | V-860 VERTICAL SECTION TO TAKE TIME-DOMAIN- REFLECTOMETRY — 


MATIC WAVEFORM, AT, AV 


WVEFORM, AT, AV 


) ATIC WAVEFORM, AT, AV 


___| (TDR) MEASUREMENTS. YOU ADD A DIGITAL MEMORY TO eee THE 
: —§S-8120 AS A 4-CHANNEL 1-GHz SCOPE 


YOU CAN STORE AS MANY AS 15 MEASUREMENT PROGRAMS. EACH 
PROGRAM CAN INCLUDE COMMENTS, FRONT-PANEL SETUPS, AND 
MEASUREMENT AND MATH OPERATIONS 


ALW. AVERAGING 


RS ORR BE 8 
7) SS - / $9900 | THE 9400 HAS AN EQUIVALENT SAMPLING RATE OF 5G SAMPLESISEC 
8 (OR ONE SAMPLE POINT EVERY 200 pSEC) : 
"16,384 TIME, VOLTAGE, AT, AV. $15,400 | THE 4094 HAS AN EQUIVALENT SAMPLING RATE OF 500M 
SAMPLES/SEC (OR ONE SAMPLE POINT EVERY 2 nSEC) 
THE AUTOSET FEATURE PROVIDES FOR BOTH THE INSTANTANEOUS 
SETTING OF ALL CONTROLS FOR INITIAL MEASUREMENTS AND THE — 
RETRIEVAL OF ANY OFF-SCREEN TRACES | 


PM 3285 ALSO INCLUDES AUTOSET FEATURE 


eee SAME FEATURES AS THOSE OF THE PM 3285, PLUS IEEE-488 INTER- 
ee ee AND INFRARED REMOTE CONTROLLER 


$4750 | THE AUTOSET FEATURE PROVIDES FOR BOTH THE INSTANTANEOUS 
SETTING OF ALL CONTROLS FOR INITIAL MEASUREMENTS AND | 
RETRIEVAL OF ANY OFF-SCREEN TRACES 


See PM 3295 ALSO INCLUDES AUTOSET FEATURE 


31 $6400 | SAME FEATURES AS PM 3295 PLUS IEEE-488 lol Aa AND 
_ INFRARED REMOTE CONTROL 


Table continued on pg 150 
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ANALOG DIGITAL 
NONSTORAGE STORAGE STORAGE 
OPERATION OPERATION OPERATION 


* 


MAXIMUM TIMEBASE 


MODEL 
COMPANY NUMBER 


DEFLECTION FACTOR? 


MINIMUM VERTICAL 
(mV/DIV) 


EQUIVALENT TIME 
SAMPLE-MODE 
BANDWIDTH 


INPUT CHANNELS! 
(MHz) 


NUMBER OF 
SWEEP RATE? 
(nSEC/DIV) 
TIMEBASE 
MAXIMUM 
WRITING SPEED 
(DIVinSEC) 
MAXIMUM 
DIGITIZING RATE 
(M SAMPLES/SEC) 
VERTICAL 
RESOLUTION 


BANDWIDTH 
DUAL 


ANALOG 
(MHz) 


NOTES: 


1. THE FIRST NUMBER SPECIFIES THE NUMBER OF INDEPENDENT INPUT CHANNELS, THE MIDDLE NUMBER (OF THREE) SPECIFIES THE 
NUMBER OF INDEPENDENT INPUT CHANNELS THAT OFFER LIMITED VERTICAL ATTENUATION, AND THE LAST NUMBER (OF TWO OR 
THREE) SPECIFIES THE NUMBER OF ADDITIONAL INPUT CHANNELS THAT SHARE CONNECTORS WITH THE EXTERNAL TRIGGER CIR- 
CUITRY (TRIGGER-VIEW CHANNELS) : 


2. THIS SPECIFICATION DOES NOT INCLUDE VERTICAL MAGNIFICATION 
3. THE FASTEST SWEEP RATE FOR THE SWEEP-A TIMEBASE WITHOUT SWEEP MAGNIFICATION 
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AUTOMATED WEIGHT; BASE 
MEASUREMENTS (LBS) | PRICE | COMMENTS 


SAMPLE 
MEMORY 
(WORDS) 
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A PROGRAMM 


Youve known it all along. 

Now, the ideal logic device is 
finally here: Real gate array density. 
Real gate array architecture. Real 
gate array flexibility. And fully user 


programmable. 
Its called, logically enough, the 


Logic Cell"Array and its from Xilinx. 


AGATE ARRAY ONLY BETTER. 

The Logic Cell Array offers all 
the advantages—but none of the 
disadvantages—of conventional gate 
arrays. Unlike them, the Logic Cell 
Array" isn't custom manufactured. 
Merely programmed. And you 
can reprogram it an unlimited 
number of times. Even while its 
in the system. 

That means turnaround time 
on design revs can be measured in 
hours, not months. Time-to-market 
can be reduced accordingly. And 
non-recurring engineering charges 
are non-existent. 


With the Logic Cell Arrays real time in-ciruit emulation, you get 100% design ale 
verification, in the system. Its the real thing. The best you can do with a gate array 


OF CC 


TYPICAL GATE ARRAY DEVELOPMENT SCHEDULE 


4-6 weeks 
2 weeks 
4 weeks 
8 weeks 


Concept Simulation 


Design Entry Prototyping 


@ Gate Array 
W@ Logic Cell Array 


2-3 weeks 


12-18 weeks 


Evaluation 


Manufacturing 


Since you program it yourself the Logic Cell Array shortens design verification and prototyping to 
almost nothing, and completely eliminates manufacturing delays. That means youll get into 
production about 5/2 months sooner. And once in production with the Logic Cell Array, itll save you 
there, too. Because if you need to change tt, you dont have to shut down the whole company 


Justreprogram it. Take you a whole afternoon. 


Logic Cell Arrays are also stan- 
dard parts. So we can test every one 
of them 100%, down to the last 
transistor before you ever get them. 

It also means that, unlike gate arrays, 
you can get Logic Cell Arrays off- 

the-shelf, through 
distribution. 


2s simulation. Which is about as close to the real thing as a decoy is to areal duck. So how 
can you really be sure your design ts going to fly? 


And the specs just keep getting 
better. 

Were already at 50 MHz with 
1200 gates. Well be at 1800 gates by 
October And thanks to a CMOS 
memory-based architecture with 
plenty of headroom, you'll see our 
family of Logic Cell Arrays growing 
to 5000 honest, usable gates by 
next spring. 


LOGIC THAT WORKS 
LIKE A 
MICROPROCESSOR. 
The problem with 
VLSI logic devices, gate 
arrays in particular, is 
that theyre hard-wired. So your 
design is literally cast in silicon. 
Itmight.as well becastin cement. 


a microprocessor. Well, the Pec 
Cell Array has that flexibility 


Xiling, Logic Cell, Logic Cell Array, and XACTare trademarks and The Programmable Gate Array Company ts a servicemark of Xilinis, Inc. IBM is a registered trademark and PC AT 
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Because it works very much like 
a, microprocessor 


At power up, the Logic Cell 
Array automatically loads its internal 
CMOS memory. This memory, in 
turn, configures the logic functions 
and interconnections within the 
Logic Cell Array to build your 
logic circuit. 

As for the advantages of such 
an approach, just go ask the micro- 
processor guys. 


"6 EG 6 0 Oe 6 0 0.8 copie 4 

- fi AR qa 

61 60 ©) © By fi i 
oon co 24 

‘ 

; 


Instead of a lot of gate arrays that each 
do one thing, the Logic Cell Array is 
one gate array that can do every- 
thing. Including cut your inventory 
_ risk to zero, let you make field 
. upgrades, and eliminate NRE. 


a lot more about it. 


fi Don't hesitate a moment. 


As for the advantages of a 3 — Our applications engineers are in 
memory-based architecture, talk to Mm thi field, so theyre ready to be more 
those who work with memory about ay =—=—Ssétharn just voice on thee phionnee. 
how much they like parts that con- = And when youre ready to try 
tinually drop in price while increas- —_ of other why-didnit-somebody-think- —_ out the Logic Cell Array firsthand, 
ing in density and performance. of-that-before facilities. theres our Evaluation Kit (otherwise 

Because the Logic Cell Array is Best of all, it runs on an known as EK-01, shown here). 
doing just that. IBM* PC eae hogan And you It's just $250 and it includes enough 

can get started for the modest price software and documentation to 
A FULL ARRAY OF of just $3600. evaluate your application on a 
DEVELOPMENT SYSTEM Logic Cell Array, and see if it per- 
SUPPORT THE ANSWER TO forms up to snuff. Welll also credit 
_ You dont have to be an expert YOUR PRAYERS. your $250 towards the purchase of 
in semiconductor manufacturing AND YOUR QUESTIONS. | our XACT™ development system. 
to use the Logic Cell Array. You just Now that you know the Logic So call us. 


have to know logic design. 

And you don't have to be a pro- 
gramming expert to use any part of 
our integrated development system, 
either 

Theres an interactive, graphics- 
based, mouse-and-menu-driven 
design editor that you can learn in 
an afternoon. A simulator An in- 
circuit emulator that runs real I/O 
and real software in real time for 
complete and positive design 
verification. Plus documentation 
at the touch of a button and a host 


and XTare trademarks of International Business Machines Corporation. 
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Cell Array is just what youve always 
wanted, you probably want to know 


CIRCLE NO 155 


Toll-free at (800) 255-7778. 

In California, (408) 559-7778. 

Or contact your local Xilinx 
sales representative or Hamilton/ 
Avnet distributor 

Immediately, ifnot sooner 

Now that the ideal logic device 
is here, isn't this the ideal time to 
use it? 


2. XILINX 


The Programmable 
Gate Array Company.” 


© 1986 XILINX Inc, 2069 Hamilton Ave, San Jose, CA 95125, (408) 559-7778 
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Waveform Soest Ampli i 
Histogram, etc. 


t cia drive for HP-GL . 


Disk, the DAT. A 2020 I 
and D-1000 Pre-Amp if 

which give you the power t 

waves both ones and gir n 


HALF-HEIGHT DIGITAL CASSETTE 
DATA STREAMERS: AN IDEA 
WHOSE TIME HAS COME 


ise 


TEAC CORPORATION: 3-7-3 NAKA-CHO, MUSASHINO, TOKYO, JAPAN 
TEL: (0422) 53-1111 TLX: 2822451 FAX: (0422) 55-2554 


@ Hong Kong, Nissei Sangyo Co. Ltd. Hong Kong Branch tel: 3-343441-6; KARIN ELECTRONIC SUPPLIES CO.,LTD tel: 3-898252 @ Singapore, Nissei Sangyo Pte. 
Ltd. tel: 65-7372011; UAC CORPORATION tel: 7450082 i New Zealand, Northrop Instruments & Systems Ltd tel: 856-658 @ Australia, Electrical Equipment Limited 
tel: 888-9000 @ Indonesia, CHUGAI BOYEKI CO. LTD. tel: 370824 i Kuwait, Bader Al Mulla & Brothers Co. W.L.L. tel: 2423250 @ South Africa, SPESCOM TMS (Pty) 
Ltd. tel: 788-0530 i United Kingdom, TEKDATA LIMITED tel: 0782 813631 &@ West Germany, nbn Elektronik GmbH tel: 08152/390 @ Austria, nbn Elektronik GmbH tel: 
04762/5444 & Netherlands, SIMAC ELECTRONICS .B.V. tel: 040-582911 & Belgium and Luxemburg, SIMAC ELECTRONICS SPRL/PVBA tel: 02-219.24.53 &@ France, 
TEKELEC AIRTRONIC S.A. tel: (1) 4534-75-35 M Italy, A.E.S.S.E. S.p.A tel: 54.64.741-2-3 l Spain, ATAIO Instrumentos S.A. tel: 733 05 62 & Switzerland, WENGER 
PERIPHERALS AG tel: 01/830 75 55 i Denmark, Dansk Binzer Teknik A/S tel: 03-662020 i Sweden, MACROTEK AB tel: 08-733 02 20 i Norway, SCANTELEAS tel: (2) 
65 69 20 & Finland, INSTRUMENTARIUM ELEKTRONIIKKA tel: 0-5281 


“If no distributor is listed above in your area, please contact us directly. for further details about our products. — 
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Cahners 


Means 
Business 


When you advertise in a business magazine you want to make 
sure the magazine is read by the people who receive it. Readership 
is really what you are after when you advertise. Cahners magazines 
are very well read. Every year we publish over 33,000 pages of news, 
articles, and features in our 33 magazines. Virtually every editorial 
page of every issue of a Cahners magazine is analyzed and tested to 
ascertain its interest to the readers. Much of this testing is done by 
the Cahners 270 editors who maintain contact with their readers 
through focus groups, reader panels, and mail and telephone surveys. 
Also, Cahners Research conducts over 300 in-depth studies of 
readership. We put all of this research to work to give our readers 
more valuable, more readable magazines; and to give our advertisers 
a better showcase for their products and services. When it comes 
to readership, Cahners Means Business. That’s why we’re the first 
choice of American business in specialized business magazines. 


Cahners Publishing 


33 Specialized Business Magazines for Building & Construction, 
Electronics & Computers, Foodservice, Manufacturing, and Health Care. 
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GOERZ 
METRAWATT 


BC 


BROWN BOVERI 


METRAWATT GMBH 
Thomas-Mann-StraBe 16—20 
D-8500 Nurnberg 50 

Telefon (09 11) 8602-1 

Telex 623 729 


GOERZ ELECTRO GES.M.B.H. 


Sonnleithnergasse 5 
A-1101 Wien 

Telefon (02 22) 643666 
Telex 133 161 
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MULTUIETER M 2004 


Precise digital readout and 
high-resolution analog pointer scale 
the best of both in a single instrument 


Precise digital readout and high-resolution 
analog pointer indication are the salient 
features of anew series of 9 multimeters. 


Here is the true realization of what so many 
users want in actual practice, i.e. to be 
able to read the precise absolute value 
whilst also exactly establishing input signal 
fluctuations. These instruments provide a 
reading of the absolute input value on the 
up to 13.5 mm high Liquid Crystal Display 
and simultaneously permit observation of 
input signal fluctuations by the pointer on 
the analog LCD scale located below the 


digital readout. The resolution of the preci- 
sion digital readout is max. + 30000 digits, 
whilst that of the highly accurate analog 
scale is max. +7500 scale divisions 

(M 2042) thus permitting positive reading 
of even the smallest deviations in the input 
signal, i.e. measured value. A further 
advantage: the pointer of the LCD scale is 
non-parallax, insensitive to any change of 
instrument position and unaffected by 
shock and impact. 


For more informations circle the Reader 
Service Number. 


So 
 fainaditdidhiraddeinn 
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Word generators 
bring order 
to logic testing 


Logic analysis no longer entails just using a 
logic analyzer. A logic analyzer isn’t a 
comprehensive solution to logic testing. 
Given the complexity of today’s circuitry, 
you have to complement an analyzer with a 
word generator if you want to systematical- 
ly test logic circuits. 


Robert Delp and Peter Kleindienst, 
Dolch Logic Instruments 


Systematic test methods and systematic use of test 
equipment are routine practice in the analog world. For 
example, no analog designer would ever search for an 
error in an audio amplifier using just an oscilloscope— 
he or she would use a signal generator to provide a 
defined input so that the scope readings would have 
some meaning. 

Surprisingly, this systematic testing approach hasn’t 
carried over into the digital world. Although the word 
generator—the digital equivalent of the signal genera- 
tor—has been available for some time, digital designers 
seldom use it. 


A look at word-generator operation 

A word generator is a digital signal source that 
serves as a stimulus for a circuit. You can best describe 
a word generator’s function as that of a logic analyzer in 
reverse. Whereas a logic analyzer stores a number of 


EDN September 4, 1986 


input signals in memory for subsequent analysis, a 
word generator produces the previously defined con- 
tents of its memory. A word generator can produce 
data in manually controlled single steps, as a single 
sequence or burst, or as a repeating sequence. Finally, 
the requirements of today’s complex digital circuitry 
require that the generator’s logic-output levels be se- _ 
lectable, that it provide a high-impedance switching 
option (3-state); and that it be able to interact (hand- 
shake) with the system under test. 

In analog technology, a signal generator provides a 
defined signal (sine, delta, or square wave) to the 
circuit under test. You then use an oscilloscope to 


(a) SIGNAL GENERATOR 


AMPLIFIER OSCILLOSCOPE 


(6) WORD GENERATOR DIGITAL CIRCUIT LOGIC ANALYZER 


Fig 1—To develop a useful test program, analog-system designers 
rely on the signal generator to provide a defined input signal and an 
oscilloscope to measure the test circuit’s effect on this test signal (a). 
Digital designers would do well to follow a similar procedure, 
substituting a word generator for the signal generator and a logic 
analyzer for the oscilloscope (6). 
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Regardless of the level of complexity, you 


can always use the input signals to define 
the output of a digital circuit. 


evaluate the signal at the test-circuit output (Fig 1a). 
In digital technology, a word generator replaces the 
signal generator and provides a predefined bit pattern 
to the inputs of the circuit under test. You then use a 
logic analyzer to record the circuit’s reaction to this 
stimulation (Fig 1b). 

For some reason, digital designers seldom apply 
practical analog-technology testing techniques. Quite 
often, you'll see a digital designer using only a logic 
analyzer to attempt to explain curious circuit behavior 
that could well be caused by a combination of software 
and hardware problems. Envisioning a comparable 
situation in the analog domain provides a glimpse of the 
havoc that could result: Imagine trying to determine 
the harmonic distortion of an audio amplifier by simply 
using a record as an undefined signal source. Realisti- 
cally, analog technology dictates that you develop a 
legitimate test procedure by first tracing the hardware 
function with the help of a defined input source—a 
signal generator. 

The requirement is no different in the digital world. 
Before you can expect your system to process the 
appropriate software, you must first trace its hardware 
function using systematic test methods. Although digit- 
al functions are often far more complicated than analog 
functions, a precise definition of a digital circuit’s 
reaction to particular input signals is possible. A test 
sequence for a 3-to-8 binary decoder will illustrate this 
point. 

First, consider investigating the circuit’s output be- 
havior by using a pseudorandom input signal from a 
second hardware module. With this technique, it isn’t 
apparent whether the circuit under test is behaving 
correctly or not (Fig 2a). 


Word generator has big advantage 


The situation changes entirely when you use a word 
generator to produce precisely defined input signals 
(Fig 2b). Because the word generator can supply a 
binary number to the input that progressively incre- 
ments upward, the ladder pattern at the outputs imme- 
diately shows the malfunction of the circuit at output 0. 
The pseudorandom input signals totally mask this same 
malfunction in Fig 2a. 

In the real world, of course, digital circuits are far 
more complicated than the 3-to-8 decoder in the preced- 
ing example. However, the example does serve to 
demonstrate how important it is to develop a test 
scheme that relies on a systematic circuit simulation. 
It’s essential to realize that you can describe the output 
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Fig 2—Using pseudorandom input signals to test digital circuitry 
can easily mask true circuit performance (a). When you use a word 
generator to produce a well-defined input (b), the test sequence 
readily shows the error. 


of the most complex circuit as a function of the input. 
Once you systematically evaluate the hardware’s basic 
function, it’s a simple matter to integrate the software 
with the hardware. 

In addition to providing well-defined input signals, 
word generators offer a most important advantage 
when it comes to developing a test sequence: They 
allow you to detect errors quickly by providing you with 
a profile of a circuit’s theoretical function. You can then 
compare this profile with the circuit’s actual perfor- 
mance. To illustrate how the word generator can help, 
consider the following scenario: 

You're working on a project involving independently 
developed digital modules X and Y (Fig 3a). Unfortu- 
nately, technical difficulties delay the development of 
module X, but you can’t test module Y separately 
because it can only function when working in tandem 
with module X. This predicament presents a perfect 
application for the word generator. You simply use the 
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generator to replace the X module (Fig 3b). Its hand- 
shake lines ensure that the generator will be able to 
satisfy all dynamic operating conditions in this particu- 
lar situation. 

After you ascertain that module Y apparently func- 
tions properly, it goes into limited production; by this 
time, however, the development of module X is com- 
plete. A problem arises, though, because only one 
prototype of Module X is available, and a number of 
development teams need to use it to carry out tests on 
the complete dual-module system. 

The simple solution is to use a number of word 
generators in place of the lone prototype X module. 
Because the X module’s performance had been an 
unknown factor, the initial word-generator testing se- 
quence on module Y relied on estimated data. Now, 
after analyzing the X module’s actual performance, you 
can set up the word generator to run a much more 
realistic dual-module system test. 


Worst-case testing is no problem 


Next, you decide to do a worst-case test sequence, 
which is good design practice. To do so, you have to 
extend the output signals of module X to their limits— 
an easy task for the word generator. After you install 
the X and Y modules at a customer site, problems arise 
during worst-case testing. For practical reasons, it’s 
not possible to carry out tests on site, but because the 


Fig 3—Word generators are particularly useful when you have to 
test a system comprising two independently developed modules (a). 
The generator allows you to test module Y (b) before the design of 
module X is complete. For worst-case testing (c), you can even use 
the generator to trigger an oscilloscope. 
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word generator has the ability to generate predeter- 
mined data patterns, you can easily simulate a circuit’s 
environmental conditions. In fact, even when the size of 
the system makes recreating environmental conditions 
in the development lab impossible, you can use a word 
generator to analyze the system under realistic condi- 
tions as if you were actually on site. 

A final obstacle presents itself when crosstalk and 
oscillation problems arise in module. X, necessitating 
the use of an oscilloscope. Using a logic analyzer is 
impossible in this situation because an analyzer recog- 
nizes the error condition too late to trigger the oscillo- 
scope. | | 

You need only one of the word generator’s channels to 
produce a trigger signal for the oscilloscope (Fig 3c). 
You can place this trigger signal anywhere in the data 
stream—even in front of the bit stream that causes the 
error—and thereby allow the oscilloscope to trace the 
complete history of the error. If you program the word 
generator to repeat the output sequence automatically, 
you don’t even have to use a storage oscilloscope to 
measure the output pattern. EDN 
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LBO-325 packs all the power and 
performance of a cumbersome, 
backbreaking, 60-MHz workbench 
oscilloscope into an easy-to-carry, ultra- 
compact, featherweight unit. Although its 
32-inch CRT is as big and clear as 
screens on large field-service scopes— 
LBO-325 weighs only 9 Ibs. So it won't 
weigh field-technicians down, no matter 
how far afield they go! LBO-325 is so 
small it fits inside a 3-inch deep attache 
case with room to spare for a multimeter, 


service manuals and some tools. The ideal 


full-function scope for a cramped 
work area or crowded bench. 


Time is money. A scope 
left in the vehicle takes 
time to retrieve. One kept 
in the shop causes repeat 
service calls. The LBO-325 


Circle 86 for Product Information 


Attache Case Oscilloscope is so 
easy to carry and use, techs will 
take it everywhere, every time. 
And the time saved translates into 
extra profits for years to come. 


¢ 60 MHz « Dual channel « ALT TIME 
BASE simultaneously displays main 

waveform and any expanded portion 

¢ ALT TRIG for stable display of. 

2 asynchronous signals ¢ Bright, 

sharp 12-kV trace * Large 3’%-inch 

PDA CRT « Illuminated graticule 

¢ Comprehensive triggering « TV-V and 

TV-H sync separators « Variable trigger 

hold-off * Delay line shows sharp leading 
edges * CH-1 output drives 
low-sensitivity instruments 

«Measures only 3x9x 11% 

inches * Weighs 9 Ibs. 


Built tough to provide long 
use, LBO-325 is backed by 
Leader's 30-year reputation 
for reliability and by 
factory service depots 
on both coasts. 


LBO-325 CRT is shown actual size. 
Call toll-free 


(800) 645-5104 


In NY State 


(516) 231-6900 


Request an evaluation sample, our 
latest Test Instrument Catalog with over 
100 outstanding products, the name and 
address of your nearest “Select” Leader 
Distributor, or additional information. 


For professionals 
who 
know 
the 
difference. 

380 Oser Avenue 
Hauppauge, New York 11788 
Regional Offices: Chicago, Dallas 
Los Angeles, Boston, Atlanta 


In Canada call Omnitronix Ltd. 
(514) 337-9500 
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7 _IN THE MARKET... 


ATsT DOESN 
IMMORTALITY... 
WAY TO MA 


Today, the prod- 
uct that’s first in 
the market is 
likely to win the 
biggest share of 
market. 

So when 
youre racing to get 
a great idea off the 
ground—ahead of 
your competitors— 
you need more than 
just a “supplier.” 

You need a company with a broad line 
of high-performance components and 
electronic systems. A company with a 
networking point-of-view, an end-to-end 
capability, and the people and resources 
to assure all-out technical support. 

AT&T. 

Ready now to offer you the total 
commitment to quality and reliability that 
we've always insisted on in the systems 
and products we develop for ourselves. 

Ready now to deliver solutions. 


WE®32100, 
heart of the first 
full 32-bit chip set. 


We'll keep you on the 
leading edge. 
Because that’s where 
AT&T Bell Laboratories 
keeps us. 
Our new 32-Bit UNIX™ 

Microsystem, for 

example, delivers 
performance others only 
promise. It’s a chip set 
that’s 100% complete, 
100% CMOS, and 
100% TTL-compatible— 
fully able to reduce your 
design time by as much as 
90 percent. 

In data communica- 
tions devices, we're state- 
of-the-art every step of 
the way. (As you might 
expect from the company 
that developed the world’s 
biggest, most reliable 
communications 
network.) 

Right now, for exam- 
ple, AT&T is the only 
company in volume pro- 
duction of a microprocessor- 
controllable, single-package 
modem that can handle 
up to 2400 bits per second. 

Our Digital Encryp- 
tion Processor is the 
only software- 
programmable, 


When off-the-shelf won’t do, our advanced 
custom design gives you the edge. 


t iat ee 


Few remember 

James Mollison, 

the second man to fly solo 
across the Atlantic, because 


encryption processor available. 

And our X.25 Protocol Controllers 
offer the widest range of applications, 
from PCs to satellites. 

In memory, not only are we cur- 
rently delivering an American-made 
256K DRAM, but we offer a range of 


eading-edge specialty memories. 

And our third-generation, single- 
hip Digital Signal Processor gives you 
he edge you need to design-in superior 
system performance at a competitive 
price. 


Count on AT&T's advanced tech- 
nology to help you move your product 
out the door on schedule. 


Advanced custom design 
capability. 
Nobody knows better than you— 
moving to market first, and staying 
there, can require custom designed 
components. 

At AT&T, we'll get involved at any 
stage of your product design—from lay- 
out to prototype to production. We'll 
support you with the industry’s most 
advanced CAD/CAM software, rapid 
prototype turnaround, and unsur- 
passed volume manufacturing capabil- 
ity. Everything you need to ensure the 
success of your product—on your manu- 
facturing line and in the market. 

Your specialized interconnection 
needs will be taken care of—from flexi- 
ble printed wiring to multilayer boards 
to hybrid ICs—all produced with our 
high standards of quality and reliability. 

We'll meet your application- 
specific IC needs with expert design 


New ST™ Connector doubles your connections. 


PROMISE YOU 


UST THE FASTEST 
AN IDEA FLY. 


and engineering personnel. And with 
powerful CAD software that helps 
make sure your devices work the first 
time. The commitment and resources 
to deliver solutions—that’s what makes 
AT&T, AT&T. 
oe It all takes power. 
AT&T’s board-mounted 
power products cut 
design time with 
unmatched flexibility. 
Our low profile power 
converters are modular 
in design and about one 
quarter the size of con- 
ventional DC/DC circuit 
board converters. So 
they can be mounted in 
more places. And in the 
tightest situations. 
atever your 
power needs, from 


‘board-mounted to off-line switchers, we 


can work with you to develop a system 
to meet your needs. 


Networking products that lock-in 
the future. 
For local or long-haul transmission, 
AT&T offers a complete family of fiber 
optic products and apparatus. 

In local area networks, our new 
ST™ Connector can actually double 
your network connections—or double 
the distance between connections— 
without affecting the fiber optic cable 
or electronics. 

And for high performance data 
transfer, AT&T’s ODL® 50 and ODL® 
200 Lightwave Data Links, with bit 
rates up to 200 Mb/s, incorporate the 
latest optical and integrated circuit 
technology. These products, as well as 
our ODL RS232-1 Fiber Optic Modem, 
a high performance data interface, 
readily mate with the ST Connector. 

Our newest addition to the AT&T 
lightwave family—the ASTROTEC™ 
ceramic laser module—is a reduced-size, 
long-wavelength laser that offers highly 
reliable, low cost performance. 


i, 


A 


| \iees SSSI eT 
Advanced processing technolo M 
printed wiring boards. 


News in ac plasma. 
AT&T has just introduced a new light- 
weight, compact ac plasma display for 
alphanumeric and graphic images. It 
offers excellent visual characteristics in 
virtually unlimited applications. 


We'll work with you, all the way. 
Call us right from Day One, and we'll put 
our expertise at your disposal. Call us 
when you hit a snag, and we'll work out a 
solution together. After all, we’ve got the 
world’s greatest problem-solvers on 
call—the men and women of AT&T Bell 
Laboratories. 

For more information, phone AT&T 
at 1800 372-2447. We'll help you put 
wings on your concept, and “first” on 
your product. 

(In Europe, phone AT&T Micro- 
electronics in Munich, Germany, at 


089/95970. Telex 5216884 attm d.) 
© 1986 AT&T Technologies, Inc. 
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MAIL THIS COUPON FOR MORE ABOUT ATsT PRODUCTS 
THAT CAN HELP GET YOUR IDEA OFF THE GROUND. 
(For fast action, call us at 1 800 372-2447.) 
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‘Test hardware 
helps pinpoint 
software 


Setting breakpownts through the use of soft- 
ware debugging tools can solve some of your 
problems, but other bugs are more difficult 
to isolate and fix. Your chances of doing so 
umprove considerably when you add an in- 
circuit emulator and a bus-state analyzer 
to your debugging arsenal. 


Thomas R Blakeslee and John S James, 
Orion Instruments 


Hardware-assisted software debugging of programs 
ean help you track down quickly the hard-to-find or 
subtle bugs that might otherwise delay a project for 
weeks or even months. Typical examples include inter- 
rupt-related and other timing-critical bugs that you 
can’t reproduce; errors that appear only while the 
system is running at full speed; and system crashes that 
occur very infrequently (often only once in days or 
months) and that wipe out all evidence of what went 
wrong. 

Using traditional, software-only debugging tech- 
niques, you may spend weeks looking for the bug, and 
even then you may never find it at all. Inspection of the 
source-code listings may not tell you anything useful, 
and trying to check progress of the program is a slow 
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business because you have to set breakpoints by trial- 
and-error methods. Besides, breakpoints have a num- 
ber of limitations. 

First, if the program never reaches a breakpoint, but 
instead ends up in a loop or crashes, there may be no 
indication of how the program reached the point at 
which it looped or crashed, and what operations caused 
that event. Second, you can only trap instruction execu- 
tion points; you have no way of trapping other bug 
symptoms, such as the writing of garbage to the 
memory. Third, breakpoints don’t give you any record 
of the machine activity leading up to the breakpoint (or 
the crash). Finally, breakpoints stop all processing, so 
the information they give you is inadequate to identify 
bugs related to real-time interactions. 


Hardware extends breakpoint capability 


This is not to say that breakpoints are useless; on the 
contrary, they are quite adequate for finding some 
types of bugs. When breakpoints are appropriate, you 
can make them more effective by using an in-circuit 
emulator, which provides all of the basic breakpoint 
functions of a software debugger (stopping at a 
breakpoint, single-stepping, and displaying and chang- 
ing registers and memory). 

The emulator has several advantages over the soft- 
ware debugger. First, the emulator can work with 
ROM-resident programs. Second, it retains control at 
all times. Consequently, it can prevent the program 
under test from overwriting or destroying either the 
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Using traditional, software-only debugging 
techniques, you may spend weeks looking for 
a bug, and even then you may never find 
tt at all. 


LISTING 1 
cy# CONT ADR DATA 
-5 B7 OOA6 20FA JR NZ,START-LOOP 
=-3 BY OOA8 C9 RET 
-2 F/7 17FE FF read 
—-|. F7 17FF FF read 
> ae FFFF 1831 JR. 32 


debugger or the operating system. Also, you can stop 


the program under test at any time to examine regis- 


ters and memory—a facility that very few debuggers 
can provide. 

When the bug is so complex or subtle that you have 
no idea where to set breakpoints, a hardware bus-state 
analyzer can be even more helpful. The analyzer contin- 
uously records bus cycles while the program runs at full 
speed. It saves all bus information, up to the limit of the 
available trace-buffer memory, which is usually hun- 
dreds of cycles. 


Bus-state analyzer tests all cycle types 

Meanwhile, the analyzer tests all cycles, looking for 
any requested combinations or sequences of values. For 
example, if the program is writing bad data into an 
array or any other part of memory, you could have the 
analyzer test for a write operation that specifies a 
range or set of data values written into a range of 
addresses that correspond to the array. When the 


conditions you specified occur, the analyzer will trigger _ 


and stop collecting new bus cycles. Then you can 
examine the trace, using such tools as a symbolic 
disassembler, to see not only what instructions wrote 
the bad data, but also what happened before the 
instructions were executed. 

The trigger specification can involve more than a 
single cycle. For example, you could specify two or 
‘more independent tests that must occur on sequential 
bus cycles. More commonly, a delay count delays the 
trigger for a given number of cycles after the other 
conditions are met; this count allows you to see what 
happens after the triggering event, as well as before it. 
Other analyzer capabilities include filtering (selecting 
only certain cycles) and counting the exact number of 
cycles between two points of a program. 

Analyzers watch the program run at full speed, with 
complete transparency. What’s more, the methodology 
of triggering on the symptom of the bug avoids the 
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guesswork of where to place breakpoints, which must 
in any case stop the program in order to be useful. An 
integrated analyzer-emulator can provide the best of 
both worlds: It can trigger in response to the symptoms 
of a problem and use a nonmaskable interrupt (NMI) to 
simulate a breakpoint at that time. Also, integrated 
analyzer-emulators provide most or all of the following 
features: 

@ The analyzer can cause a scope or other external 
equipment to trigger as a result of any of the 
logical tests mentioned previously. 

@ You can progressively append new tests to the 
trigger specification, and you can display the 
cumulative specification at any time. 

@ You can save the current state of the work as a 
disk file, and later continue from where the 
session left off. The file can include macros speci- 
fying sequential software tests for automated 
testing of hardware. 

e@ An analyzer can run unattended for weeks if 
necessary, perhaps at a customer’s site. When a 
problem arises, the analyzer will save the trace 
for local examination, or for transmission by 
telephone. 

@ An analyzer with automatic reset can restart the 
system after a crash. Adding new tests to the 
trigger specification or inspecting a different area 
of the trace after each crash will add new data to 
help you identify the problem. 


See the analyzer in action 

Two examples show how to use an integrated analyz- 
er-emulator to find the cause of a crash and how to 
check that a loop is operating correctly. The first 
example is the debugging of a Z80 program that has a 
tendency to work properly for about a minute and then 
crash. The program code occupies locations 0 through 
1000urx; RAM occupies locations 1800qrx through 
LFF Fuex. 
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LISTING 2 


> SR resetting 


cy# CONT ADR DATA : 
-5 B/ OOA6 20FA JR NZ,START-LOOP 
-—3o Bi OOA8 C9 RET 
eee | 17FE FF read 
at BL 17FF FF read et 
O *B7 | FFFF 1831 JR 32 
resetting 
cy# CONT ADR DATA 
-S5 B/ : OOA6 20FA JR NZ,START-LOOP 
-3 B7 OOA8 C9 RET 
-2 F/7 17FE FF read 
-l1 F/7 17FF FF read 
O° Br FFFF 1831 JR 32 
resetting | | 
cy# CONT ADR DATA | 
-5 BP | | OOA6 20FA JR NZ,START-LOOP 
-3 B7 : 7 OOA8 C9 RET : 
-2 F7 17FE FF read 
-l F7 17FF FF read 
O° By FFFF 1831 Je 32 


The first step is to set up the analyzer to look for 
instruction-fetch cycles at’ addresses outside the code : LISTING 3 
area. When the program crashes, the screen displays 
the instruction trace (ie, the contents of the trace 
buffer) shown in Listing 1. Sure enough, the program 
is attempting to execute an instruction at FF FF yrx; the 
RET instruction is trying to read the stack at 17F Fyrx, 
where there is no RAM. The stack pointer was initi- 
alized to 18F Fyrx, so it appears the bug is a stack 
overflow. 

The second step is to use the analyzer’s start-and- 
repeat feature to see whether the error is always the 
same. The command 5 SR starts the analyzer and 
target program, displays five lines of the triggered 
display, then resets the target system and restarts both 
the target program and the analyzer. This sequence 
continues indefinitely until you stop it by pressing a 
key. In the case of an intermittent crash, you could send 
the screen output to a printer or to a disk file, in order 
to gather, over a period of hours or days, data on all 
conditions leading up to a crash. The resulting trace 
(Listing 2) confirms that the crash does occur in the 
same way every time. 


cy# CONT ADR DATA 

FOl OOA8 C9 

FO2 | 18FA 90 read 

FO3 OOA8 C9 

FO4 18F8 90 read 

FO5 | OOA8 C9 

FO6 18F6 90 read 

FO7 OOA8 C9 

FO8 18F4 90 read 

FO9 OOA8 C9 

FOA | 16F2 90 read 

FOB  O00A8 C9 

FOC 18FO 90 read 
2 OD OOA8 C9 | 

FOE 18EE 90 read 

FOF OOA8 C9 | 

F10 18EC 90 read | 
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In the case of an intermittent crash, you 
can send the screen output to a printer or a 
disk file in order to gather data on condu- 
tions leading up to a crash. 


The third step is to use the analyzer’s filter feature to 
obtain a better understanding of the stack-overflow 
problem. Filtering means that the analyzer examines 
the inputs in real time and keeps only certain bus cycles 
in the trace buffer. You could also include the cycles 
after each of the selected ones. In this case, you’d use 
these features to look at the RET instruction at address 
A8uex and the stack address accessed by that instruc- 
tion. The trace (Listing 3) shows that each time the 
program reaches address A8yex, the stack pointer 
address decreases, indicating that at some point the 
program is pushing a 16-bit value onto the stack but 


never popping it off again. You know this event is 
occurring sometime after the program reaches address 
A8uex, SO you can ask for a trace that triggers on that 
address and shows three cycles before the trigger and 
10 cycles after it. 

The resulting trace (Listing 4) shows that there’s a 
Push command at address 8Byrx that could be the cause 
of the problem; reference to the program listing shows 
that, in fact, the Push instruction doesn’t belong there. 
You can test this idea immediately by storing a zero (a 
no-op instruction) to memory location 8Byrx with a 
simple monitor command. After making that change, 


LISTING 4 


cy# CON ADR 
25.37 00A3 
ce OOA5 
2 OOA6 

: 00A8 
18FA 
18FB 
O08F 
0088 
8079 
OO8A 
008B 
18FB 
18FA 
008C 


SEND-OUT 


0 
1 
2 
2 
6 
8 
ag 
A 
B 
C 
D 


LISTING 5 


ADR 
00A3 
00A5 
O0A6 
OOA8 
18FC 
18FD 
008F 
0088 
8079 
008A 
008B 
008C 


1 | 
WreoWdOdwWwWnrONMW UI 
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DATA 


20FD 
22 
20FA 
C9 


8F read 
00 read 
C38800 


D379 


SO ont. 


OF 
D5 


40 write 
20 write 
CDAOO0OO 


CDA000 


JR NZ,START-LOOP 
DEC H 
JR NZ,START-LOOP 


RET 


JP SEND-OUT 


OUT (LEDS),A 
RRCA 


PUSH DE 


CALL DELAY-SUB 


JR NZ,START-LOOP 
DEC H 

JR NZ,START-LOOP 
RET 


JP SEND-OUT 


OUT (LEDS),A 


RRCA 


NOP 
CALL DELAY-SUB 
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the program seems to run correctly (Listing 5), indi- 
cating that the intrusive Push instruction was in fact 
the reason for the crash. 

You now have a small hierarchy of choices: You can 
immediately burn an EPROM that contains the modi- 
fied program or save the patched program to a disk file 
directly from the emulator memory, or you can enter 
the DOS command to return to PC-DOS so that you can 
edit and reassemble the program. 


If you prefer to fix several bugs before correcting the 
source code, you can invoke a logging feature that will 
automatically send just your patches (not the rest of the 
screen output) to the printer. You can safely continue 
the session after making each patch and then later 
correct the source code from the fixes recorded in the 
printed log. 

A second example shows how you use the cycle- 
counting feature of an analyzer-emulator to check a 


LISTING 6 


DELAY-SUB  0¢ 
START-LOOP | 


21FF40_ 


LD HL,40FF 

DEC L 

JR NZ, START- “LOOP 
DEG HH - 

JR NZ,START- LOOP 
RET 


——LISTING7 a 


AF 28051 (eZ-A-pnC) BC= “0 DE= 


- DELAY-SUB 00AO 21FF40 


Soe 


NMI 
|  AF=8051 (sZ-A- ae BC= 
_START-LOOP 00A3 2D 
NMI 7 
av 80AB (Sz-a-pNC) BC= 
: OOAS 20FD 


0 DE= 
DEC L 


0 DE« 


NMI 

AF=80AB (Sz-a-pNC) BC= 

START-LOOP 00A3 2D 

NMI . 

AF=80AB (Sz-a-pNC) BC= 
00A4 20FD 


0 DE= 
DEC L 


O DE= 


NMI 
AF=80AB (Sz-a-pNC) BC= 
START-LOOP OOAS 20D. 
NMI 
» AF= -80AB (Sz-a-pNC) BC= 
OOA4 20FD 


0 DE= 
DEC LC 


O DE= 


(b) 
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20 HL=FFFF 
LD HL,40FF 


20 HL=40FF 1X=1234 
20 HL=40FE 
‘JR NZ,START-LOOP 
20 HL=4OFE 
20 HL=40FD 
JR NZ, START-LOOP 
20 HL=40FD 


20 HL=40FC 
JR NZ,START-LOOP 


1Y=5678 soeaec. PC=A0 
er eeah>.. 


IX=1234 


IY=5678 SP=18FC PC=A3 
snexe step) 


LY¥=5678 SP= 18FC PCH pee 
(next step) 


1X=1234 
IX=1234 1¥=5678 SP=18FC PC=A3 
: - (next step) | 
TX=1234 1Y= 5678 SP=18FC PC=A4 
| | (next. ste) 


TX=1234. IY=5678 SP=18FC PC=A3 


(next step) 


lY=5678 SP=18FC PC=A4 
(next step) 


TX=1234 
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You can safely continue a session after mak- 
ing each patch and then later correct the 
source code from the fixes recorded in the 
printed log. 


delay routine very quickly. Listing 6 shows the listing 
of a typical routine consisting of an inner loop that runs 
FF urx times, and an outer loop that runs 40yex times. 
This listing was disassembled directly from RAM mem- 
ory in the emulator, because when youre testing a 
program, the emulator must keep full control of execu- 
tion. The emulator can’t exercise that control if the 
program resides in ROM, so the emulator always copies 


the program from ROM into its own RAM for test 


execution. 


If you’re using only software debugging methods, 
you'll have to single-step through the loop, examining 
the registers at each step to ensure that the correct 
number of iterations are executed. To single-step 
through the loop, you must first have the software 
debugger obtain “breakpoint control” by executing a 


LISTING 8 


ADR 
O0A3 
OOA4 © 
OOA3 


B7 START-LOOP 
START-LOOP 


-00A4 
.  OOKG 
es 
7 START-LOOP 
Loe 


00A3 
OOA4 
00A3 
—O00A4 


START-LOOP 


CONT ADR 
hI 2 OGAS 
B7 START-LOOP 00A3 
B7 | -00A4 
B7 O0A6 
B7 OOA7 
B7 OOA9 
F7 18FC 
F7 18FD 
B7 0090 
B7 0088 
SF. 8079 
B7 008A 
B7 008B 
B7 008C 
B7 —008D 
D7 18FD 
D7 18FC 

BY DELAY-SUB 00A0 
B7 START-LOOP 00A3° 
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OO read 
C38800 


So ae 
90 write 
21FF40 
ee 


DEC 1, — 
JR NZ, START- -LOOP 
DEC L / 
JR NZ, START- LOOP 
DEC H | : 
JR NZ, START-LOOP 
DEC L 

JR NZ. START- -LOOP 
DEC L 

JR NZ, START- -LOOP 


eer a 
JR NZ, START- LOOP 
DEC H : | 
JR_NZ,START- LOOP 
RET 


JF 88 | 
~ OUT (LEDS), A 


RRCA 

INC D 

NOP a 
CALL DELAY-SUB 


LD HL, 4OFF 
DEC Ls 
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Now you don't have 
to go to pieces to integrate 
touch control. 


Fluke introduces the first touch control 
subsystem that’s as easy for you as it is 
for your customers. 

Until now there was only one way to get a 
touch-sensitive operator interface into your 
equipment. Piece by piece. By piece. That 
required lots of design time, not to mention 
lots of budget. 

Now you don’t have to go to pieces to 
enjoy the benefits of touch control. Fluke 
introduces the 1020 Touch Control Screen — 
a completely integrated subsystem. The 1020 
includes touch display, CRT, power supply 
and logic boards., All in one compact unit. 
Just provide connections for power and 
host computer interface. 

The 1020's powerful internal software helps 
you develop a friendly menu-driven operator 
interface. Unique commands simplify the cre- 
ation of menus or control “buttons,” so you 
can provide a straightforward control panel 


IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100. 


on the screen. These software aids will save 
you weeks of design time as you develop 
your operator controls. 

You can specify the 1020 for the most 
rugged industrial environment. It's designed 
to meet rigorous standards for temperature 
range of operation, EMI protection, and safety. 
Resistant to chemical attack and to abrasion, 
the Touch Control Screen has been tested to 
over 1 million touch operations. Our NEMA 12 
panel-mounting kit provides a seal against 
moisture, dirt, and contamination. 

SO why go to pieces when you can come to 
Fluke? Put the Fluke 1020 to work for you. For 
information on how Fluke Touch Control 
ocreens can work in your application, call 
1-800-426-0361. 


THE FIRST CHOICE 
IN TOUCH CONTROL. 


EUROPEAN HEADQUARTERS: Fluke (Holland) B.V., P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846. 
© Copyright 1986 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4602-1020 
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CIRCLE NO 214 


FLUKE 1020 


‘RAS RAI SD LAA ORE SLE IS EBA AT IRS IVE SIO AE) 
CRT: 12” diagonal high contrast green phosphor 


Touch cells: 12 rows x 10 columns (cover entire display) 
Serial Interface: RS-232-C / RS-422-A 


Baud rates: selectable up to 19,200 


Seal: optional dust and moisture resistant panel mounting kit (NEMA 12) 
Dimensions: 13.2” wide x 10.3” high x 12.5” dee 


OEM and quantity discounts available 


RLUKE 


® 
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A quick and elegant way to make sure that 
a loop works properly 1s to use an analyzer 
command to count the number of cycles 
between two points in the program. 


breakpoint at address AQurx; you'll see the display 
shown in Listing 7a. As you can see from the contents 
of the program counter (PC), the instruction at address 
AOuex has not yet been executed. 

Once you’ve established debug control, you can step 
through the program by pressing a function key that 
generates an NMI, thereby allowing the program to 
execute just one instruction. You can continue stepping 
through the program in this manner for as long as you 
like (Listing 7b), but you will soon find that going 
through tens of thousands of steps quickly gets boring. 


Analyzer counts program cycles 


A much quicker and more elegant way to make sure 
that the loop works properly is to use an analyzer 
command to count the number of cycles between two 
points in the program. If, for example, you enter the 
command “AQ A6 CYCLES?”, the response will be “= 
300”, indicating that 300yEx cycles were executed be- 
tween addresses AOuex and A6yrx. The LD HL instruc- 
tion takes three cycles, and the two instructions that 
compose the inner loop take a total of three cycles. 
The total for the inner loop’ should be 
3+(8 x FFuyex)=3004Ex; the display thus indicates that 
the inner loop works as desired. 

To check the operation of the entire delay subroutine, 
just enter “AO A9 CYCLES?”; the response is “= 
COCO”, which is 40X308yrx. This response confirms 
that the outer loop (which includes the inner loop plus 
three cycles) was executed 40 times. This cycle-count- 
ing technique is excellent for making gross checks on a 
new program to see what parts of it are or are not 
functioning as intended. 

To examine loop operation more closely, you can set 
the analyzer trigger to show only the interesting parts 
of the trace. For example, to look at the end of an inner 
loop, you can set the trigger to wait until address A3, 
the decrement instruction in the inner loop, has oc- 
curred FFyrex times. Listing 8 shows the resulting 
trace. The trigger cycle (cy#0) is the next instruction 
after the FF th pass round the inner loop. You'll see that 
on completion of this pass, the outer loop correctly 
decrements the H register (cy#2), after which the 
inner loop resumes. Similarly, you could trace the exit 
from the subroutine by triggering on the fortieth 
iteration of the outer loop. The resulting trace (Listing 
9) shows the correct completion of the fortieth iteration 
and the return to the section of code that called the 
delay subroutine. : 

In general, if you find yourself spending long hours 
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single-stepping through programs, or pouring over 
program listings looking for errors, you are probably 
wasting a lot of time. The ideal debugging technique is 
to use analyzer triggers or breakpoints or both, as 
appropriate. A development system that includes an 
integrated analyzer-emulator renders both techniques 
EDN 


available to you at all times. 
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Out of time, out of luck. 

It’s bad news, at best. 

You’ve got a timing problem with 
several events spread over hundreds 
of microseconds of real-time execu- 
tion. And you need a logic analyzer 
that captures them all in a single 
acquisition. 

But your current logic analyzer 
doesn’t have near the memory 
depth to do it, especially at its high- 
est asynchronous sample rate. 


The long timing arm of the 
LAW. 

The Logic Analysis Workstation 
(LAW) from NWIS brings you a 
dramatic advance in timing 
analysis. One that stretches your 
real-time acquisition window by a 
factor of 10 or more. 

It’s done through a feature called 
transition timing, which only stores 
timing data when a logic transition 


occurs. At the same time, a high- 


speed counter keeps track of the 
time between transitions and stores 
it along with each data acquisition. 


NORTHWEST INSTRUMENT SYSTEMS, INC. 


| AmEchenhagit  =—Esese 
_ 8160Miesbach,WestGermany _—_—_—«wT 
Phone: (49) 6025-3260: [clex: 5707/3 St 


ircle 5 for Literature - 


Circle 44 for Demonstration 


This means you can display tim- 
ing diagrams which embrace very 
wide windows of timing data. With 
complete data integrity and abso- 
lutely no loss in timing resolution. 

At a 100 MHz sample rate, you 
can typically capture timing win- 
dows up to 100,000 ns wide. All 
with only 500 words of memory! 


State Analysis and MS-DOS 
compatibility, too. 
Besides the 10-channel, 100 MHz 


timing analyzer, LAW offers an 


HOW TO SQUEEZE 
10K OF DATA INTO 500 
WORDS OF MEMORY. 


80-channel state analyzer with 15 
levels of triggering. And also the 
ability to cross-trigger the two 
analyzers, and then view the result 
on a split display with full correla- 
tion between disassembled 
mnemonic state lists and timing 
diagrams. 

And since the LAW is controlled 
by an IBM PC XTor AT, you can 
employ a vast array of MS-DOS 
software tools for post-acquisition 
processing and documentation. 


We'll show you how: 

Call us at 800-547-4445 to 
schedule a LAW demonstration at 
your facility. Or send / 
for our free publica- / Tae 
tion “The NWIS_ / reisw 
Answer Guide | Litep 
to Technical / 
Literature: / 


IBM PC AT isa trademark of 


International Business Machines Corporation. 


MS-DOS is a trademark of Microsoft Corporation. 
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Tel. (0) 75.04.14. 
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Ferranti covers 
the small 
Signal mosfet , 
market from 
N to P 


Offering one of the most comprehensive 
ranges of small signal mosfets, Ferranti Semi- 
conductors covers the market with a comple- 
mentary line of N & P channel devices. 

Our advanced production techniques, 
coupled with years of semiconductor manufac- 
turing experience, help us achieve excellent 
production yields. This, in turn, enables us to 
produce extremely cost-effective mosfets. 

The benefits to our customers are highly 
competitive pricing, readily available products 
and short lead times. 

Product specifications range from break- 
down voltages (BVdss) of 20 to 350 volts and 
current handling capability (Id) of up to 4 
amps continuous. And, due to the unique Fer- 
ranti mosfet design structure, low threshold, 
low leakage and high-speed devices are avail- 
able as standard products. 

We'd like to send you our free mosfet 
package, which includes a Product Selection 
Guide, Application Notes and a complete Small 
Signal Data Book. Call us at (616) 543-0200 or 
complete and return the coupon below. 


FERRANTI 


semiconductors 
ieee ces»... die e 


i 
Yes, I'd like to 
receive your free 
mosfet package. 


Name 

Title 

Company 
Address 
City/State/Zip 
Phone | 


Detach and mail to: Ferranti Semiconductors 
87 Modular Avenue, Commack, NY 11725 
EDN090486 


CIRCLE NO 159 
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Fault simulation 
rates effectiveness 
of test patterns 


You can use several fault-stmulation tech- 
niques to evaluate how effectively a set of 
test vectors will uncover manufacturing de- 
fects in your circuit designs. Fault-simula- 
tion programs can help you produce the 
exact set of test vectors you need for a given 
level of fault coverage. 


Geoffrey Indrajo and Laung-Terng Wang, 
Daisy Systems Corp 


Fault simulation can help you rate the effectiveness of 
test patterns in finding manufacturing defects in your 
design. A fault simulator is a program that computes 
the percentage of manufacturing defects, or faults, that 
a given set of test vectors will detect. A fault simulator 
runs many logic simulations, and you can use several 
simulation techniques to minimize the time required for 
fault simulation. The results of the simulation programs 
provide you with hard data about both the effectiveness 
of test vectors and the location of untested nodes in 
your design. 

A fault simulator contains models of the types of 
faults found in designs once they've been manufac- 
tured. The most common faults are stuck-at-0 (S-A-0) 
and stuck-at-1 (S-A-1) faults. The first type of fault, 
S-A-0, maintains a logical low at the node to which the Fig 1—Several levels of simulation allow you to determine the set of 
simulator attaches the fault, emulating a tied-to-ground 2°" vectors that will provide the level of fault coverage you need. _ 


TO PRODUCTION 
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The results of fault simulation give you 
hard data about the effectiveness of test 
vectors and the location of untested nodes in 
your design. 


3 results in the toggle-test report in Fig 4. 


Fig 2—This four-bit counter is identical in design to the 74LS163 IC. Convergent fault simulation of this circuit with the test-vector set in Fig 


EEE 


defect for the node. The other fault, S-A-1, maintains a 
logical high at the node to which the simulator attaches 
it, emulating a tied-to-Vcc defect for the node. These 
two faults accurately represent the overwhelming ma- 
jority of manufacturing defects, so most fault simula- 
tors incorporate at least these models. 


Simulator inserts faults 

When a simulator performs fault simulation, it as- 
signs a fault to a node in your design and then runs a 
logic simulation. Using your test vectors as input, the 


fault simulator computes the output of the design with 


the fault. The simulator then compares the results from 
the design with the fault with the results from a design 
without any manufacturing defects. If the two sets of 
results differ, the test vectors have detected a fault. If 
the results differ by an unknown output state, then the 
test vectors have potentially detected the fault. 
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When the simulator observes no difference in the 
logic state of the outputs of both designs, you know that 
the test vectors have left the fault undetected. An 
undetected fault results from redundant circuitry, lack 
of the right input stimuli to exercise a node, or the 
inability to observe the effect of the input stimulus. If 
your fault simulation leaves too many faults undetected, 
you can use the output of the fault simulation and your 
logic diagram to decide what test vectors to add to your 
test-vector set. 

The percentage of faults detected by a given set of 
test vectors is called the fault coverage for those 
vectors. The fault simulator divides the number of 
detected faults by the number of discrete (nonequiva- 
lent) faults possible in the design. A low fault-coverage 
figure indicates that the test-vector set is inadequate 
for detecting manufacturing defects during testing; 
100% fault coverage indicates that the set can detect all 
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Fig 3—Fault simulation evaluates test vectors for their effectiveness in finding manufacturing faults. This set of vectors exercises the circuit 


in Fig 2. 


of the manufacturing faults modeled by the fault simu- 
lator. Only small or very structured designs can attain 
100% fault coverage; this figure virtually ensures that a 
design will function correctly if it passes the set of test 
vectors. 

The fault simulator tabulates the results of the fault 
simulation and produces a report called a fault dictiona- 
ry (Ref 1). The fault dictionary lists the time, location, 
and state of all faults detected or potentially detected. 
You use the fault dictionary to identify the nodes that 
require additional test patterns and the portions of your 
circuit that may contain design flaws. 


Convergent simulation saves time 


Because a fault simulator runs a logic simulation for 
each fault it puts in your circuit, fault simulation can 
potentially take an unacceptably long time to complete. 
To minimize the time you need to develop a set of test 
vectors that provides acceptable fault coverage, you can 
use a convergent fault simulator. Besides running an 
exhaustive fault simulation, such a simulator runs a 
series of other programs that let you rapidly determine 
the exact set of vectors you need (Fig 1). Without a 
convergent fault simulator, you’d have to run a com- 
plete fault simulation each time you added or changed 
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vectors, because you could never be sure what effect 
the additions or changes would have. In addition, 
subsequent fault simulations would rerun vectors that 
you already know provide a certain level of coverage. 

Of all the programs in a convergent fault simulation, 
the first—the toggle test—takes the least amount of 
time and provides the roughest estimate of fault cover- 
age. The toggle test doesn’t actually insert faults into 
your design; instead, it performs a logic simulation and 
determines how many nodes in your design have been 
exercised by the test vectors. An exercised node is one 
that makes a transition from a logical 0 to a logical 1 or 
unknown state, or a transition from a logical 1 to a 
logical 0 or unknown state, at least once during the 
logic simulation. 

Because a set of vectors must toggle a node in order 
to find a fault at that node, all unexercised nodes in the 
toggle test contain undetected faults. The toggle test, 
therefore, separates those faults that can be detected 
from those that can’t be detected. If the percentage of 


nodes that can be detected is lower than your targeted 
fault coverage, you already know, without running a 


fault simulation, that you need more test vectors. If the 
percentage is higher than the fault coverage, you can 
proceed with fault simulation. You can shorten the 
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The fault simulator assigns faults to the 
nodes in your design and then runs a logic 
simulation for each fault. 


Fig 4—Histogram reports, such as this toggle-test report for the circuit in Fig 2, show inactive periods during which the test vectors toggle no 


nodes that they haven’t toggled already. The test vectors in these inactive periods may be unnecessary for production testing of the device, so 


you may be able to remove them from the test-vector set. 


simulation by directing the toggle-testing program to 
prevent the fault simulator from inserting faults at 
untoggled nodes. 

The output of the toggle test also helps you eliminate 
test vectors that don’t identify faults. The toggle test 
generates a report of the percentage of nodes toggled 
by groups of vectors within your vector set. For 
example, the circuit in Fig 2, when exercised by the 
test pattern in Fig 3, results in the toggle-test report in 
Fig 4. Test vectors in the time period between t=1600 
nsec and t=3000 nsec toggle an insignificant number of 
nodes. Although these test patterns may be useful for 
testing the function of the device, they may not be 
necessary for achieving a given fault coverage. By 
removing these vectors, you can obtain a much shorter 
test without sacrificing fault coverage. 

Once you've used toggle testing to eliminate unneces- 
sary test vectors and untoggled nodes, you can use the 
next program, the statistical fault simulator, to gain a 
more accurate measure of the fault coverage. The 
statistical fault simulator selects a random sample of 
nodes in your design and performs a fault simulation on 
them. Because the sample is much smaller than the 
entire design, a statistical fault simulation runs more 
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quickly than an exhaustive fault simulation. Statistical 
theory confirms that the results of the statistical fault 
simulation are accurate within user-specified levels of 
confidence and precision (Ref 2). 

If your design is so large that exhaustive fault 
simulation is unwieldy, you might accept the output of 
statistical fault analysis as a sufficient indication of the 
fault coverage of your test vectors. Statistical fault 
simulation, like toggle testing, provides an output re- 
port that you can use to evaluate your vector set. 

If you don’t choose to accept the output of the 
statistical fault simulator as sufficient, however, you 
can perform an exhaustive simulation. Because the first 
two tests have given you some indication of whether 
your test vectors will provide adequate fault coverage, 
you'll be able to run fewer exhaustive fault simulations. 
Because the exhaustive fault simulation checks every 
modeled fault at every node, you get an accurate report 
of the fault coverage that your test-vector set will 
provide for your design. 

If you find that your test-vector set doesn’t provide 
enough fault coverage, you need to add more vectors to 
detect faults at the nodes that your vector set missed. 
After adding these vectors, you run an incremental 
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fault simulation. Incremental fault simulation looks only 
for the faults left undetected by the original vector set, 
so it runs much faster than exhaustive simulation does. 


Fault dictionary compiles results 


To evaluate the coverage provided by your test 
vectors, you use the reports resulting from each of the 
fault simulations you’ve performed. These reports, 
which comprise the fault dictionary, provide a list of the 
injected faults and the results of the simulations. A 
lucid and informative fault dictionary can be as impor- 
tant to your test development as simulation speed and 
accuracy. 

The first report in a fault dictionary lists the faults 
that the fault simulator injects into your design. This 
fault list specifies the type of fault injected—for exam- 


ple, input S-A-1, input S-A-0, output S-A-1, output. 


S-A-0—and where the fault is injected. Fig 5 shows 


FAULT LIST 


FAULT 
NUMBER TYPE LOCATION 
OSO 
OS1 
OSO 
OS1 


@74LS163 1:XSIG22 
@74LS163 1:XSIG22 
@74LS163 1:XSIG64 
@74LS163 1:XSIG64 


IS1 @74LS163 1:XSIG64 (AT) @74LS163 1 XSIG15. 
IS1 @74LS163 1:XSIG64 (AT) @74LS163 1:XSIG16 
IS1 @74LS163 1:XSIGQ9 (AT) @74LS163 1:XSIG12 
IS1 @74LS163 1:XSIGQ (AT) @74LS163 1:XSIG13 
IS1 @74LS163 1:XSIG28 (AT) @74LS163 1:XSIG32 
IS1_ =@74LS163 1:XSIG28 (AT) @74LS163 1:XSIG12 


OSO @74LS163 1:xSIG4 

OS1 @74LS163 1:xSIG4 

ISO @74LS163 1:XSIG4 (AT) @74LS163 1:XSIG22 

ISO  @74LS163 1:XSIG4 (AT) @74LS163 1:xSIG64 
@74LS163 1:XSIG5O (AT) @74LS163 1:01 
@74LS163 1:XSIG5O (AT) @74LS163 1:XSIG46 
@74LS163 1:XSIG5O (AT) @74LS163 1:XSIG4 
@74LS163 1:XSIG24 (AT) @74LS163 1:XSIG64 
@74LS163 1:XSIG24 (AT) @74LS163 1:A 
@74LS163 1:XSIG56 (AT) @74LS163 1:XSIG64 
@74LS163 1:XSIG56 (AT) @74LS163 1:0 —™” 
@74LS163 1:XSIG44 (AT) @74LS163 1 XSIG64 
@74LS163 1:XSIG44 (AT) @74LS163 1:C 
@74LS163 1:XSIG35 (AT) @74LS163 1:XSIG64 
@74LS163 1:XSIG35 (AT) @74LS163 1:8 


Fig 5—A fault list specifies the faults that it injects into a design. 
This partial fault list comprises the number, type, and location of the 


faults in the circuit in Fig 2. This simulator abbreviates the fault 


types as OS1 for an output S-A-1 (stuck-at-one) fault, OSO for an 
output S-A-0 (stuck-at-zero) fault, IS1 for an input S-A-1 fault, and 
ISO for an input S-A-0 fault. 


sie as LIST 


GOOD D STATE 


~ 9001011110 
| OooC 
Giese 
0000 _— 
0010011110 
| 0000 | 
0001111110 
0000 | 
000001 1000 
0000010110 
1sts—i‘Ci‘ 
Se 


900001 1000 
0000 
0010011110 
0000 
0001011110 | 
0000 
0100011110 
0000 
0010111110 | 
0000 
0000111110 
0000 
0001111110 
0000 


"FAULTY STATE 


LOCATION 
@7a.si6s 1:xSiG32 
@74LS163 1:XSIG54 
@74LS163 1:xSIG54 

- @74LS163 1:xSIG22 

@74LS163 1:XSIG5O (AT) @74LS163 1:01 oo | 

@74L8163 1:XSIG5O (AT) @74LS163 1 xSIG46 
@74LS163 1:XSIG39 (AT) @74L8163 1 02. , 
@74L$163 1:XSIG39 (AT) @74L8163 1:XSIG36 
@74LS8163 1:XSIG8 (AT) @74LS163 1:xSIG2 
@74LS163 1:XSIG29 (AT) @74L8163 1:03 


@74LS163 1:XSIG29 (AT) @74LS163 1:XSIG28 


@74LS163 1:XSIG26 (AT) @74LS163 1:XSIG30 
@74LS163 1:XSIG47 (AT) @74LS163 1:XSIG51 
@74LS163 1:XSIG37 (AT) @74LS163 1:XSIG39 
@74LS163 1:XSIG12 

@74LS163 1:XSIG40 (AT) @74LS163 1:XSIG32 


\ 


Fig 6—A hard-detected-fault list (such as the one shown here for the simulation of Fig 2’s circuit) comprises the number, type, and time of 
detection of the faults; lists the good and faulty outputs for the design under simulation; and pinpoints the location of the faults. 
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“Ca ae oe es 


A test-vector set that provides low fault 
coverage is inadequate for detecting manu- 
facturing defects during production testing. 


FAULT | 
NUMBER TYPE TIME 
a oso 300 


_ GOOD STATE 


0000010000 
0000 
0000010000 
0000 
0000010000 
0000 
0000010000 
0000 
0000010000 
0000 
300 0000010000 
0000 
0****01000 
~ 0000 
~ 0000010000 
- 0000 
0000010000 
000 


12 Oso 300 
16 ISO 300 
19 iS1 300 
28 IS1 300 
32 isi 
a ISO 150 
46 IS1 300 
55 Ss 300 


0 
0000010000 
0000 


58 iso. -—-—™-—=2#8800 


FAULTY STATE 


RRR KR 


POTENTIALLY DETECTED FAULT LIST 


LOCATION 
@74LS163 1:CLKIN 
@74LS163 1:XSIG22 | 
- @74LS163 1:XSIG4 (AT) @7aLs169 1:xsIG22 i 
- @74LS163 1:XSIG5O (AT) @74L8163 1:XSIG4 
@74LS163 1:XSIG39 (AT) @7aLs1 63 1 xSIG4 
@74LS163 1:XSIG29 (ar) @7aLst 63 1 XSIG4 
@74LS163 1:XSIG6 (AT) @74L8163 -XSIGB 


@74LS163 1:XSIG51 (aT) @7aisi63 1x81612 
@74LS163 1 -FFB (aT) @7aisi63 1: CLKIN | 
@74LS163 ‘FFD (AT) @7ais163 1 ‘CLKIN | 


Fig 7—A list of potentially detected faults, (such as this one for the circuit in Fig 2), contains the same categories that the hard-detected-fault 
list contains, except that the columns for good states and faulty states include unknown values, which are identified with asterisks. 


part of the fault list for the circuit in Fig 2. 


The next report (Fig 6) contains the hard-detected- 
fault list (a list of the faults that the simulator detects). 


FAULT-COVERAGE REPORT 


STABILIZATION Baie 
RUN TIME 

STROBE START TIME 
STROBE INCREMENT TIME 


NUMBER OF CIRCUIT FAULTS © 
UNDER CONFIDENCE LEVEL 
PRECISION LEVEL 

AND RANDOM SEED 


200 nSEC 

2875 nSEC 
 Onsec 

75 nSEC 


NUMBER OF SELECTED FAULTS 
NUMBER OF RANDOM FAULTS 


NUMBER OF HARD DETECTED FAULTS 
NUMBER OF POTENTIALLY DETECTED FAULTS 
NUMBER OF UNDETECTED FAULTS 


HARD-DETECTED-FAULT COVERAGE 
POTENTIALLY DETECTED FAULT COVERAGE 
TOTAL FAULT COVERAGE 


67.16% 
14.92% 
82.08% 


Fig 8—Summarizing the fault-simulation results, the fault-cover- 
age report reveals the fault coverage that your test vectors will 
provide for your design. A statistical fault simulation of the circuit 
in Fig 2 finds that the vectors in Fig 3 will uncover 45 hard detected 
faults, 10 potentially detected faults, and 12 undetected faults. 
Therefore, the simulation rates the total fault coverage of these test 
vectors at 82%. 
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Besides listing the type and location of each fault, the 
report lists the simulation time during which the fault is 
detected. The report also lists the states of the outputs 
of the faulty design and the good design. When a fault 
is detected during IC testing, you may be able to 
identify the fault by consulting the output states in the 
hard-detected-fault list. 

In addition to detected faults, the fault dictionary 
lists potentially detected faults (Fig 7) and undetected 
faults. The list of potentially detected faults contains 
the same categories as the hard-detected-fault list. 
Because you don’t know whether these faults will be 
detected during testing or not, you use the information 
in this list for identifying potential design problems. 
Similarly, the undetected-fault list helps you decide 
which nodes require additional test vectors. 

Finally, the fault simulator produces a summary 
report of fault coverage (Fig 8). You use this report to 
determine whether your test-vector set provides ade- 
quate fault coverage for your design. For the set of test 
vectors displayed graphically in Fig 3, for example, a 
statistical fault simulation set at a 90% confidence level 
and at 10% precision yields a test coverage of 82%. To 
achieve higher fault coverage, you need to add vectors 
to the set. For the design in Fig 2, adding 27 test 
vectors increases the fault coverage to 98% (Fig 9). Of 
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To minimize the time required to develop a 
set of test vectors with acceptable fault cov- 
erage, you can use a convergent fault 
simulator. 


Fig 9—You can improve the fault coverage provided by Fig 3’s 
test-vector set for the circuit in Fig 2 by adding test vectors. As this 
fault-coverage report shows, adding test vectors improves the fault 
coverage of the circuit from 82 to 98%. 


this 98% coverage, 88% of the faults are hard detected 
faults, and 10% are potentially detected faults. 

The potentially detected faults are centered in the 
flip-flop circuitry associated with the preset and clear 
inputs of the flip-flops. Because these inputs are tied to 
Vpp, you can’t change the state of the circuitry, and 
therefore, you can’t produce hard detected faults using 
test vectors. However, to increase the testability of the 
design, you can add control signals that connect to the 
preset and clear lines. These control signals will let you 
control the states of the flip-flop inputs, thereby in- 
creasing the fault coverage. 


FAULT -COVERAGE PROFILE (HARD DETECTED FAULTS) 


Some fault simulators provide advanced options that 
sort through simulation results so you can evaluate 
your test vector set. Fig 10 gives an example of such an 
option; it contains a histogram of the percentage of 
faults detected during a fault simulation. By showing 
the incremental percentage of faults detected over the 
time of the fault simulation, the histogram allows you to 
estimate how much fault coverage you would lose if you 
were to shorten your test-vector set. Another fault- 
simulator option facilitates the debugging of devices on 
the test equipment by allowing you to correlate fault- 
simulation results with test-equipment results. 

Other options for fault simulators enhance the speed 
of your fault simulation. For example, a technique 
called “fault collapsing” reduces the number of faults 
injected into a design during fault simulation, thereby 
reducing simulation time. This technique analyzes your 
circuit before simulation and identifies equivalent faults 
(Ref 1). Equivalent faults are two faults that are 
logically related: If a set of test vectors detects one 
fault, you know they can detect the other, so you don’t 
have to test for it. For example, for NAND gate B in 
Fig 11, if your test vectors can detect an input S-A-0 
fault, they can detect an output S-A-1 fault, because if 
any input remains low, the output must remain high. 
Because you include only one of each set of equivalent 
faults, you need to inject only 22 of the 30 possible faults 
during fault simulation of the circuit in Fig 11. 

Besides identifying equivalent faults around gates, 
advanced fault-collapsing techniques identify equiva- 
lent faults between gates. Identifying such equivalent 


GEE RENNES 


sn 


Fig 10—Shortening your test-pattern set results in some loss of fault coverage. A histogram that shows the incremental percentage of hard 
detected faults allows you to estimate the coverage you will lose by shortening your vector set. This histogram reveals that removing patterns 
after t=4500 would not significantly reduce fault coverage. 
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The toggle test generates a report of the 
percentage of nodes toggled by groups of 


vectors within your vector set. 


faults further reduces the number of injected faults in 
Fig 11 from 22 to 16. For the circuit in Fig 2, fault- 
collapsing techniques would reduce the number of in- 
jected faults from 324 to 136. 

Another method of reducing simulation time is to use 
a hardware accelerator. The hardware accelerator con- 
tains simulation algorithms that are implemented in 
hardware instead of being coded in software, so it 
completes simulations much faster than can a general- 
purpose computer running simulation software. To take 
maximum advantage of a hardware accelerator, you 
must make sure the accelerator is compatible with your 


NO-COLLAPSING MODE 
30 FAULTS 


SINGLE-GATE COLLAPSING 
22 FAULTS 


I+ 


(b) 


MULTIPLE-GATE COLLAPSING 
16 FAULTS 


(c) 


Fig 11—Fault collapsing reduces simulation time by removing 
equivalent faults (faults that are logically related). Fault collapsing 
of the equivalent faults around gates reduces the number of possible 
faults from 30 (a) to 22 (b). Multiple-gate fault collapsing, which 
finds equivalent faults between gates, further reduces the number of 
faults to 16 (ce). 
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from National Taiwan University and 


simulation system’s modeling database. 

Finally, note that the circuit information you use 
during your fault simulation must be identical to the 
information used during schematic capture, logic simu- 
lation, and timing analysis. Obviously, if the circuit 
models you use to perform logic simulation are different 
from those you usé to perform fault simulation, you 
can’t be sure that the fault coverage you determine will 
apply to the circuit you eventually fabricate. Although 
the integrity of the input data (that is, how accurately it 
represents your design) doesn’t affect the performance 
of the simulation, it is critical for obtaining fault simula- 
tion results that are meaningful for the circuit you have 
designed and verified. EDN 
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Current-mirror FE I's 
cut costs and 
sensing losses 


Power MOSFETs that set aside a portion 
of their source cells for current-sensing pur- 
poses allow you to monitor the FETS total 
drain current without the need to insert 
high-power, loss-producing resistors in sertes 
with the load current. To use these devices 
most effectively, you should understand the 
sensing current’s behavior. 


Gary Fay, Motorola Semiconductor Products 


If you pay attention to certain application rules, a 
power MOSFET having a current-mirror structure can 
allow you to accurately monitor the total load current 
provided by the MOSFET without inserting sensing 
resistors in series with the load. Traditional sensing 
schemes, which use MOSFETs lacking the current- 
mirror sense cells, require expensive, high-power wire- 
wound types of sensing resistors. Moreover, the volt- 
age drop across the sensing resistor represents wasted 
power. 

For a range of sense-resistor values, the current 
provided by the current mirror can accurately reflect 
the current in the main power portion of the MOSFET 
if you understand how this mirror current behaves. Fig 
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1 shows the circuit that generates the sense voltage. A 
decoupling effect, arising from the source-follower ac- 
tion in the current-mirror circuit, results in an apparent 
current ratio that’s different from the theoretical de- 
sign ratio. 

The difference stems from the sense resistor, whose 
value also affects accuracy over temperature. By know- 
ing how the adjusted ratio behaves and how to calculate 
it, you can easily obtain an accurate representation of 
the load current, both at ambient temperatures and 
over the circuit’s operating-temperature range. For the 
schematic in Fig 1a, the linear-region drain-current 


FET CIRCUIT 


ag 


EQUIVALENT CIRCUIT 


ISENSE 


) he (IwiRROR) { 


Fig 1—These equivalent circuits help to understand current mir- 


roring in a sense-cell power MOSFET. The impedance in the source 
leg of the current-mirror FET causes the apparent current ratio 
between the mirror and power portions of the device to differ from the 
theoretical value. 
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When you use a current-murror MOSFET’s 


sense terminal to monitor current in the 
device’s power portion, take into account the 
errors introduced by the sensing voltage. 


equation (square-law model) gives the source-follower 
effects of the current mirror: 


Ip = 2K {(Vc — Vr) Vos — WV ps"} 


Vose = Vos = VSENSE 


Vee as Voi = VsENSE: 


If you substitute Vpse’s and Vq’s expressions in the 
square-law equation and perform some factoring, you 
obtain 


Tense = 2K {(Vei — Vr — Vsense) (Vinsi— Vsense) — CV psi — Vsense)”}. (1) 


Eq 1 expresses the sense current in terms available 
to the user: specs of the power MOSFET. Note that Eq 
1 includes the value of the sense voltage. Because the 
sense current is a function of the sense voltage, it’s 
necessary to include this term in order to accurately 
reflect the current in the power transistor. You can 
determine the dependence of the current-mirror ratio 
on the operating conditions by deriving the ratio of the 
current in the power transistor to the current in the 
current-mirror transistor: 


ie 2Kp {(Vgi — Vr) Vos: — %Vosi (2) 
2Ks {(Voi — Vr — Vsense)(V psi — Vsense) — (CV psi — VsensE)?}" 


In Eq 2, K is a function of the design of the FET; in 
fact, K reflects the source periphery dimensions. The 
ratio Kp/Ks becomes the impedance ratio Zp/Zs, an 
easily measurable quantity for the power-MOSFET 
designer. This ratio is, in fact, the current-mirror ratio 


AT HIE LTH 
TNE 
PAM ET LL 
5k 


SENSE VOLTAGE (mV/A) 


100 200 
Rsense (2) 


500 2k 10k 


Fig 2—As you increase the sense resistor’s value in a current- 
mirror circuit, the sense voltage also increases. This increase sub- 
tracts from the mirror cell’s drain-source voltage, thereby imcreasing 
the cell’s equivalent resistance. This increase in resistance causes a 
decrease in mirror current—hence an increase in the mirror-current 
ratio. 
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(n) specified in the data sheet. The above expression 
thus reduces to a simpler version: 


i (3) 
1- Vsense(Voi1 — Vr — 2Vsense) 
Vosi(Vai — Vr — *Vopsi) 


For low-voltage devices, in which Vgensz and Vpsi are 
small in comparison with Vg: and Vr, the adjusted 
current-mirror value is approximated by 


n 
n = ——.. (4) 
= VSENSE ° 


Vos 


Eq 3 and Eq 4 relate the current-mirror ratio to 
terms available to—and controlled by—the TMOS pow- 
er-MOSFET user. Vps: is the Rpson of the selected 
MOSFET times the load current, Vc: is the applied gate 
voltage, and V+ is the threshold voltage—either mea- 


sured (for greatest accuracy), or as specified in the data 


sheet. Vsensg is set by the sense resistor’s value and the 
sense current, which is the load current divided by the 
adjusted current-mirror ratio (n’): 


R I AD 
VsENSE = a . 

Eq 4 shows that, as the sense voltage increases 
relative to the Vpson of the power portion of the 
MOSFET, the denominator decreases and the observed 
current-mirror ratio increases. Eq 4 also indicates that, 
as Vsense approaches Vpsi, a meaningless ratio devel- 
ops. The ratio becomes meaningless because the drain- 
source voltage of the mirror cell decreases, thereby 
increasing the cell’s resistance and reducing the mirror 
current. 

In fact, you reach a point of diminishing returns when 
you make the value of the sense resistor too high 
because the sense-cell transistor merely becomes a 
switch that connects the power FET’s Vpson) to the 
sense resistor. The plot in Fig 2 shows the effects of 
increasing the value of the sense resistor. Note that, as 
the sense resistor’s value increases, the sense voltage 
approaches the power device’s Vpson). 

Fig 3 shows the sense-voltage accuracy (over 25 to 
125°C) as a function of the sense resistor’s value. As 
Rsense increases, the sense-voltage accuracy ap- 
proaches the Rpsgon temperature variation in the power 
device. To obtain high accuracy over thermal excur- 
sions, you must use a low-value sense resistor. 

Experimenting with two different cases, or exam- 
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500 


SENSE ACCURACY (%) (25 to 125°C) 


Rsense (12) 


Fig 3—Temperature stability plunges as the sense resistor’s value 
ina current-mirror circuit increases, as borne out by this curve. The 
sense-voltage accuracy over 25 to 125°C degrades from 10 to 40% 
when the sense resistor increases from 100 to 15000. 


ples, of designing with current mirrors will aid in your 
understanding. Assume you must obtain a current-limit 
signal at 10A load current, and you’re using a device 
that has a mirror design ratio of 1800, an on-resistance 
of 0.150, a threshold voltage of 8V, and a gate on- 
voltage of 10V. For the first case, select the sense 
voltage (at 10A) to be 0.3V; for the second case, set the 
sense voltage at 0.75V. You can now determine the 
mirror-ratio value from 


CASE 1 


1800 7 
0500-3-0.15)° 


1.5(10 — 3 — 0.75) 


n’ = 
1 —- 


CASE 2 
1800 


_ 0.75010 — 3 — 0.375) 375) 


-1.5(10 — 3 — 0.75) 


3830. 


Next, calculate the sense-resistor value: 


CASE 1 CASE 2 
Rsense = te) = 69.20 RsensE = oe 2872). 


Thus, a standard-value carbon resistor of 680+5% 
for the first case, and 3000 for the second case, would 
be suitable for the sense resistor. This procedure 
completes the selection of the sense-resistor value, 
unless you need to know the sensing variations with 
thermal excursions. 

For thermal results, obtain the on-resistance varia- 
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tion of the power FETs from the values shown in the 
data sheet (generally presented in the on-resistance vs 
drain-current curve). For a fixed load current (ie, 10A), 
the on-voltage will also change by the same percentage. 
For this example, assume the FET’s on-resistance 
increases by 50% from 25 to 125°C; you also need to 
know the effect this variation has on the sense voltage. 
The on-resistance of the mirror transistor is the de- 
vice’s Vps divided by its current: 


Vosi — Vsense 
VsENSE 
RsenseE 


(5) 


Reirror ad 


Eq 5 shows that this resistance must increase by 
50%, as does the Vps: of the power device, because of its 
Rpson increase. The sense voltage at 125°C is the sense 
current times the sense-resistor value: 


Wien Rsense Vpsi 
R»rrror + Rgense 
CASE 1 CASE 2 
1.5 — 0. 1.5 — 0.75 
Rwairror = ant al _ 276.80, Rwirror = 0.75 = 287.10 
9.2 287.1 
AT 125°C: Rwirror = 415.20 Rw»rrror = 4380.70 
Vosi = 2.25V Vos = 2.25V 
69.2 (2.25) _ _ 287.1 (2.25) _ 
Vsense = 915-9 + 69.2 — OS21V — Vsense = 3397 + 287.1 — 2599V- 


INTERNAL 
WIRE 


HEADER 


cof 


R 
ae INTERNAL 


WIRE 


Fig 4—Parasitic resistance and inductance in a sense-cell power 
MOSFET can lead to serious measurement errors, if you don’t take 
proper precautions. You must be careful to use Kelvin connections 
and to avoid ground loops in the return paths of the supplies and 
measuring equipment. 
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By using temperature-dependency specs 
from the sense-cell FET’s data sheet, you 
can calculate the dependency of the cur- 
rent-murror ratio on temperature. 


These calculations demonstrate that, when the sense 
voltage is 20% of the power device’s on-voltage, a 7% 
variation (0.3821V vs the selected 0.3V) in sense voltage 
arises from thermal effects. However, a 20% variation 
(0.899V vs 0.75V) is seen when the sense voltage is 50% 
of the on-voltage, as borne out by Fig 3. 

Therefore, if you can’t tolerate large thermal varia- 
tions in your system design, you must keep the sense 
voltages low in relation to the power FET’s on-voltage. 
Further, you must use amplifier stages to increase the 


sense-voltage levels to those required in the system 
design. 

To obtain accurate results when sensing currents, 
you must observe some precautions. When you’re mea- 
suring milliamperes of sense current in the presence of 
amperes of power current, you must follow good lab- 
wiring practices. These practices involve using Kelvin 
contacts and differential measurements to eliminate 
line drops and—more important—eliminating the ef- 
fects of ground loops between supplies and measuring 


Source cells provide lossless sensing 


The development of cellular 
structures having separate 
source sites has paved the way 
for many improvements in power 
MOSFETs. For the most part, 
these improvements have ac- 
crued from tailoring surface ge- 
ometries to obtain optimal spac- 
ings, minimum die size, and 
lowest cost for a given break- 
down voltage. 

In a power FET, all the sepa- 
rate source cells are connected 
in parallel by means of the top 
surface metal. The load current 
splits equally among all the cells 
because the cells are basically 
equal-value resistors in parallel. 


contact used for ¢ current 8 ising. 
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By separating one or more of 
these sense cells, you can obtain 
a sample of the load current and 
divert this sample through a 
sensing network. Because the 
power MOSFETs have thou- 


sands of cells conducting am- 


peres of current, the sense net- 


work (which has only a few cells) 


conducts only a fraction—in fact, 
a few milliamperes—of the total 
current. 

In essence, the sense cerent 
“mirrors” the total drain cur- 
rent. You can thus use small, 
low-value resistors (typically, 
4’BW, 40 to 1000 film types) to 
develop a sense voltage from 


this mirror current. These —T 
small, low-cost resistors contrast 
sharply with the large, expen- 
sive resistors (typically 10W, 
0.19 wirewound types) you'd in- 
sert in series with the load cur-— 
rent to sense current in FETs 
lacking the sense cells. 

Fig A shows the layout of 
Model MTP10N10M, the first of 
a family of TMOS current-mirror 
devices, dubbed Sense FETs. 
ee B's sepia dale ce 


current-mirror portion. ‘For this _ 
device, two of the 3600 source — 
cells in the die are rated and 
wired toa an n isola ed pad. 


ming in on the sense-ce 
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equipment. These precautions are important not only in 
benchtop circuitry and pe-board wiring, but also in the 
internal connections of the power MOSFET itself. Fig 4 
shows a sense-cell FET’s internal components and 
external connections. 

The resistance of wire bonds and package leads in 
typical TO-220 packages can amount to 5 to 10 mQ, a 
range that produces 0.05 to 0.1V drop at 10A. Although 
these values are not significant in relation to applied 
gate voltages, they can be a substantial source of error 
for the sense circuit, especially if sense voltages are low 
(0.1 to 0.2V), as required for minimum thermal 
variations. 

Fig 5’s scope photos dramatically illustrate these 
errors. For both photos, a 576 curve tracer drives the 
TMOS power device, and an X-Y oscilloscope monitors 
the device’s sense and drain-source voltages. The photo 
in Fig 5a shows the sense voltage obtained without 
using Kelvin contacts; Fig 5b shows the same voltage, 
measured at the die, using the Kelvin contacts provided 
in the current-mirror MOSFET. 

In Fig 5a, notice how the sense voltage exceeds the 
load line (drawn in on the photo); note also that the 20V 
gate-drive signal extends to 65 mV. In Fig 5b, howev- 
er, note that the maximum voltage with 20V gate drive 


VERTICAL=Vsense 
10 mV/DIV 


HORIZONTAL=Vps 
200 mV/DIV 


NOTE: 
Rsense= 392 


EES 
HS 
ee 
#5 
t See 
eo 
¥ 
z 
¢ . 
g 
§ 
eS 


VERTICAL=Ip 


RTICAI | HORIZONTAL=Vsp 
500 mAVDIV 


100 mV/DIV 


Fig 6—Before a MOSFET’s intrinsic source-drain diode takes over, 
the FET still acts like a FET, and is under full control of the 
gate-source signal. The current-mirror cells in a sense-cell MOSFET 
operate normally, too, in this limited reverse-voltage region. 


Fig 5—Failure to use Kelvin connections can lead to substantial errors, as these scope photos bear out. For a, no Kelvin contacts were used; 
note how much higher the sense voltages are than in b, whose curves reflect the use of the Kelvin connections. 
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Be sure to use Kelvin contacts and elom- 
nate the effects of ground loops when youre 
monitoring heavy load currents. 


is only 42 mV—for this example, a difference of 55%. 
Also note in Fig 5b that the sense voltage is well below 
the drawn-in load line. This roll-off from the load line 
reflects the decoupling afforded by the sense resistor, 
as predicted by Eq 4. 

Because n’ is greater than the design value n, the 
current in the sense cells (Isgnsz/n’) will be lower than 
that in the remainder of the cells in the power FET. 
Thus, the sense voltage developed by this current 
through the sense resistor will be lower than the value 
indicated by the load line for the power portion of the 
transistor. 


Consider reverse currents 


Because the TMOS FET behaves like a voltage- 
controlled resistor, it will conduct current in either 
direction. In the reverse direction, when the current 
becomes great enough, the intrinsic source-drain diode 
becomes forward biased. Until that forward biasing 
occurs, the part is still fully under control of the gate 


voltage, and it exhibits on-voltage and speed character- _ 


istics similar to those in the forward direction. Once the 
diode turns on, it becomes dominant. 

Fig 6 shows the reverse characteristics of the power 
FET. Here, you can see that a low-voltage-drop resis- 
tive characteristic is available for such applications as 
synchronous rectifiers or low-drop freewheeling diodes. 
Even in these uses, many systems require that you 
know the value of the load current. 

The current-mirror section of a sense-cell MOSFET 


SOURCE 


MIRROR 


Fig 7—A current-mirror cell in a sense-cell MOSFET has the same 
construction as the power cells. It thus has the same source-drain 
reverse diode as do the power cells, and it will reflect a portion of the 
power-section current in the same way it does in the forward 
direction. 
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VERTICAL=Vsense 
20 mV/DIV 


HORIZONTAL=Vsp 
100 mV/DIV 


NOTE: 
Rsense=392 


Fig 8—Similar to the curves in Fig 5, these Vsensg vs Vsp curves 
show that a sense-cell MOSFET operates similarly in the forward 
and reverse directions. This fact is only true, however, for the limited 
voltage range in which the source-drain reverse diode is not 
conducting. 


is constructed in the same way as the rest of the die, as 
shown in the cross section in Fig 7. This section, 
therefore, also has the reverse diode formed by the 
P-tub, N-epitaxial junction. The sense cells will thus 
also reflect the reverse current, just as they mirror 
current in the forward direction. Fig 8 shows sense 
voltage vs drain-source voltage in the reverse direction 
for the sense-cell FET whose reverse characteristics 
appear in Fig 6. For these curves, the test circuit uses a 
390, sense resistor. Note the similarity of wave shapes, 
all impinging on the reverse-diode curve. 

When you measure sense-cell FETs, an important 
thing to remember is never leave an unused source 
terminal floating. This rule is especially important for 
the power portion’s source when you’re measuring the 
current-mirror portion. If you leave the power source 
floating and apply more than 10V gate drive and 
approximately 12V to the drain, then the current- 
mirror portion will begin to exhibit GemFET (an 
insulated-gate, conductivity-modulated device) action. 

The dramatic increase (as much as 10 times) in 
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...With the most 
omplete line of 
easy-to-use, high 
performance 

video DACs 
available. 

Honeywell 
Signal Processing 
Technologies 
(SPT) brings you 
high-speed DAC technology that’s easy 
to design-in without the need for 
additional costly parts. 

No matter how you want to design 
your system, we've got the compatible 
part for superior graphic displays. 

8-bit synchronous and asynchronous 
video DACs...4-bit DACs...ECL and TTL 
compatibility...completely “video-ready.” 

High performance DACs from SPT 
make a visibly competitive difference in 
your raster displays. 


MWPS (Megawords Per Second) is the digital update rate. 


HONEYWELL SPT SETS | 
THE PACE FOR HIGH 
RESOLUTION GRAPHICS! 


The video display depicted is a graphic representation only. 


When the 
others tell you 
they can’t keep 
pace...challenge 
Honeywell SPT 
to perform. 

Honeywell SPT 
stays out front, 
developing DACs 
that meet the 
needs of your next generation products. 

Including: DACs with memory and DACs 
with digital multiplexers. And, we'll 

work one-on-one with you to develop 
optimized solutions that meet your 
specific high-speed video display needs. 

When it comes to easy to design-in, H T 
high-speed video DACs, no one yw 
outperforms Honeywell SPT. Write or one e 
call today for more information on SPT's 1150 E. Cheyenne Mtn. Blvd. 
complete line of high performance data Colorado Springs, CO 80906 
conversion products. 303-577-1000 Telex #452433 
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Our New 
Data Logger 
Cuts Costs in Half! 


By Going to Pieces! 


HanZon’s distributed data logging 
system is made up of small units — not a 
cumbersome mainframe. That means you 
can avoid the mainframe wiring maze. 

Remote units can be daisy-chained up 
to a mile from the control unit using 
twisted-pair wiring. The wiring savings 
alone could cut your costs in half! 

Choose from stand-alone or PC- 
controlled configurations to monitor only 
a few or as many as a thousand channels. 

The system provides thermocouple, 
voltage and current measurements, plus 
local alarm outlet for every analog chan- 
nel, and report-ready data for a standard 
80 column printer. 

Price is only $995 for the 20 channel 
stand-alone DDL-4020 or $795 for the 
remotely-controlled DDL-4000. 


NTN) 


HanZon Data Inc. 
18732 142nd Avenue NE 


Woodinville, WA 98072 * (206) 487-1717 
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current can result in destruction of the current-mirror 
section of the device. You can see the reason for the 
increase in Fig 7, which shows the two connections for 
the source and mirror terminals. If the source is 
floating while the mirror is active, then the P tub under 
the source acts as a collector which, given enough 
drive, begins to inject carriers in the mirror transistor. 
This bipolar action quickly drives the mirror currents 
to levels beyond those that the front metal runs and 
wire interconnections can tolerate. The best way to 
measure sense-cell MOSFETs is to use the circuit 


| shown in Fig 1. 


Use Kelvin for accuracy 


If you should need accurate measurements of the 
drain-source voltage (as it appears on the die), then you 
can use the Kelvin pins and the header to effect Kelvin 
contacts. In addition, you must return all signal and 
sensing leads in the system to the Kelvin contact 
provided on the MOSFET devices. Use the drain and 
source pins for power connections. 

Inductive effects can present overvoltage spikes to 


| the'sense circuit because the internal connections pres- 


ent about 10-nH inductance to load currents. You might 
have to use capacitors to attenuate these spikes, in 
addition to using the Kelvin contacts. EDN 


Author’s biography 


Gary Fay is Smartpower applications 
manager at Motorola’s Semiconductor - 
Products Sector (Phoenix, AZ). Em- 
ployed by Motorola for 19 years, he 
holds a BSEE degree from the Univer- 
sity of Cincinnati. Gary has five pat- 
ents (two granted, three pending). 
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Expanding the Limits of Eyelet Technology 


New Depths of 
Design Potential in 
Miniature Eyelet 
Parts Production 


@ 


UTi 


UTITEC, inc. 


1058 Wolcott Street, Waterbury, CT 06705 e 203/575-0090 


As technology advances in outer space and undersea, 
you will need resources to supply parts and components 
that fulfill the promise of high technology in design, 
materials, quality and cost efficiency. Utitec knows this. 
That’s why it applies all the tools of Manufacturing 
Resources Planning (MRP) and Statistical Process Con- 
trol (SPC) to the development and production of minia- 
ture, deep-drawn tubular parts. 

Parts are fabricated to exacting tolerances and avail- 
able in over 40 alloys. Lengths up to 2.5” and outside 
diameters as small as 0.020” can be achieved in length-to- 
diameter ratios in excess of 40 to 1. Utitec’s expert 
assembly facility is also available to give you 100% 
assurance from start to finish. 

Explore your potentials with Utitec. Phone toll-free at 
1-800-321-6285. CIRCLE NO 163 
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-Radial-Lead Precision Film Resistors from Caddock 
combine high values and tight tolerances with a 
choice of two high-power densities or three low TGs. 


Type MK Radial-Lead Precision Power Film Resistors 


+S K we W 
MK 132 and MK 632 MK 120 and MK 620 
10 ohms to 100 Megohms 30 ohms to 40 Megohms 


\ \ oe an | 

Type MK Radial-Lead Precision Power Film 
Resistors utilize Caddock’s Micronox® 
resistance films to achieve high power density 
and an extended range of resistance values: 


Available in two rectangular radial-lead packages that include values 
as high as 100 Megohms, these high-density film resistors permit 


— 
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i Type TK Temp-Stable Precision Film Resistors 


fii Hy) ft il i ee 
TK 121 and TK 621 TK 133 and TK 633 TK 139 and TK 639 
Kohm to2 Megohms 1 Kohm to10Megohms 1 Kohm to 10 Megohms 


Type TK Temp- Stable Precision Film Resistors 
with Caddock’s Tetrinox® resistance films 
combine a choice of TCs of 5, 10 or 20 PPM/°C, 
a wide resistance range and tight tolerances. 


Type TK Temp-Stable Precision Film Resistors provide a com- 
bination of performance advantages that are unique in a miniature 


electronic circuit designers to optimize packaging and PC board layouts | resistive component: 

with resistors that meet all these specifications: | 

e Three Standard Temperature Coefficients: 
5 PPM/°C, 10 PPM/°C or 20 PPM/°C 
over the temperature range from -55°C 
to +125°C. (+105°C max. for values 
above 500 Kohms or 1.5 Megohms, 


depending upon model.) 


Resistance 
Range 


30 ohms 2.1 Megohms 10 ohms 5.1 Megohms 
to 2 Megohms|to 40 Megohms |to 5 Megohms |to 100 Megohms 


Resistance 
Tolerance 


Wattage 
Voltage 


+1,0% is standard, to 0.1% on special order, 
depending on value and model. 


200 V 400 V 400 V 


50 PPM/°C | 80 PPM/°C ! 50 PPM/°C ! 80 PPM/°C 
Temp Range: -15°C to +105°C, ref. +25° . 


.250" square, .100" thick .300" square, .100” thick 


20 PPM/°C 


Resistance Range: | Kohm to 10 Megohms. 


e Precision Tolerances: +1.0% is standard, 
and tolerances as close as 40.05% are 
available on special order. 


Load Life Stability: 0.05% maximum AR 
after 2000 hours at full power at 125°C. 
(0.2% max. for values above 500 Kohms 
or 1.5 Megohms, depending upon 
model.) 


e Temperature 
Coefficient 


10 PPM/°C 


Package Size 


| These full-size photos comparing the 
Type MK resistors to “RN” style axial- 
| lead resistors show that the largest Type 
| MK, which is rated at 3/4 watt, requires 
_ | less board space than the 1/20 watt 
| “RN 50” ° 


And within their voltage ratings, both 
sizes of Type MK resistors can replace 
five sizes of “RN” resistors, including 
the 1/2 watt “RN 70” which requires 
10 times the 


Two Power Ratings: .2 watt and .3 watt. 


The Model TK 121, TK 133 and TK 139 precision film resistors have 
demonstrated performance which meets the requirements of Mil-R-55182/9 
for thermal shock, moisture resistance, shock and vibration, dielectric 
withstanding voltage and low temperature operation. 


board space oe Caddock’s high-thru-put manufacturing tech- 
of the — ee - bs niques combined with our advanced Tetrinox® 
MK 132! | 8 ; resistance film technology provide this cost- 


effective way to match the needs of tempera- 
ture stable circuitry. For price and delivery 
information on both production and eval- 
uation quantities, contact Caddock’s 
main offices in Riverside, California. 


This combination of higher power rating 
and smaller size can also lower procure- 
ment costs by replacing many sizes of 
axial-lead resistors with Type MK 
resistors that have a ‘standard’ size 
and mounting dimensions. 


Discover how easily these problem-solving resistors can improve the performance and reliability of your equipment, too. 
For your copy of the latest edition of the Caddock 24 page General Catalog, and specific technical data on any of the more than 
150 models of the 13 standard types of Caddock High Performance Film Resistors and Precision Resistor Networks, just call or write to - 


Caddock Electronics, Inc., 1717 Chicago Avenue, Riverside, California 92507 ¢ Phone (714) 788-1700 © TWX: 910-332-6108 


HIGH PERFORMANCE FILM RESISTORS 
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igh-capacitance Murtiayer Ceramic Caps: 
The new Iink in our Ine. 


Now you have a powerful new 
reason to link-up with NECS 
expanding capacitor line: our 
high-capacitance multilayer 
ceramic capacitor (MLC) series. 
These compact Y5V MLCs 
feature large capacitance—all 
the way up to 100uF. Low ESR and 
high ripple current capability 
add even more performance. 
Our MLCs are the ideal 
replacement for aluminum elec- 
trolytic caps in high-frequency 
switching power supplies. 
Because they not only provide 
ample capacitance while 
promoting miniaturization. 
They also increase reliability. 


TOP-FLIGHT SUPPLIER. 


NEC fills your tantalum capacitor 
needs with a high-quality line- 
up including: 96 types of chip 
capacitors for surface mounting. 
Axial-lead capacitors that con- 
form to CX05. And 60 million 


C2 


Computers and Communications 
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7 # 


dipped caps per month. Plus in- 
novative Supercaps that provide 
virtually permanent backup 

for your volatile memories and 
microcomputers. 

All NEC capacitors are 100% 
burned-in. Because outstanding 
quality is our first pledge to the 
customer and the foundation of 
our fast-diversifying line. 


High-capacitance MLC Capacitors. 


L119 types; 3 case sizes. 

L110 to 100uF; 25, 50 and 75VDC. 
LJMax. ESR: 20m. 

[]Max. RMS ripple current: 4A. 
[JLong-term stability. 


Chip R-Series. 

| ]96 types; 6 case sizes from 
3.2 1.6mm. 

[|Dip or reflow soldering. 

LJ—55° to +125°C operation. 

[J8/l2mm tape packaging. 

[]0.01 to 68uF; 4 to 35VDC. 


L]—55° to +125°C operation. 
LJ0.1 to 68uF; 4 to 50VDC. 
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Tantalum Capacitors, 


Dipped D-Series. 

_] Comprehensive type variety. 

L]4 lead forms. 

LJ0.1 to 330uF; 4 to SOVDC. 

____Supercaps for power backup. 

[JFast charge and virtually unlimited 
charge/discharge cycle. 

LJ —25° to + 70°C operation. 

[|]Direct solering to PC boards. 

LIFZ/FS-Series for long-term backup of 
CMOS memories and microcomputers. 

(JFA-Series forlarge-current applications. 


MEurope W. Germany 


Tel:0211-650302. Telex:8589960 NE D. 


a The Netherlands 
Tel:040-445-845. Telex:51923 NEC BNL. 


Sweden 
Tel:08-732-8200. Telex:13839 NECSCAN. _ 


France 
Tel:1-3946-9617. Telex:699499 NEC EF. - 


BAsia 
Tel:0-242-824. Telex:54561 HK NEC HX. 
Taiwan 

Tel:02-522-4192. Telex:22372 HK NEC TP. . 
Singapore 

Tel:4819881. Telex:39726 NECSIN RS. 


@Oceania Australia 
7 Tel:3-566-6555. Telex:31009 NIPELCO AA. _ 
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Iifutomated — 
IiDesign and 
Engineering for 
“UlElectronics East 


SEPTEMBER 30-OCTOBER 2, 1986 
WORLD TRADE CENTER 
BOSTON, MASSACHUSETTS 


Plan to attend ADEE East ’86—the only user- 
oriented conference/exhibition on the east coast 
that offers these opportunities for optimum 
selection and implementation of CAE and CAD 
systems for electronic circuit and system design: 

* Discover the latest advances in CAE and CAD—see 
live demonstrations of the technology you need to help you 
increase engineering productivity, enhance design creativity, 

and produce uniformly high quality products. 

* Learn how to use CAE and CAD to its maximum advantage for 
your specific needs—attend the ADEE East ’86 Conference Program 
and come away with invaluable knowledge of the practical 
applications of this new generation of technology. 

* Compare and evaluate hundreds of CAE and CAD systems, 
exhibited by the industry’s leading suppliers—you and a team of 
your colleagues can “comparison shop” for three days in one 
location to ensure a selection that delivers maximum performance 
and return on investment. 


Start planning now to take advantage of the many educational and 
purchasing opportunities available to you at ADEE East ’86. For 
registration information complete and return the coupon below. 


Cahners Exposition Group, Cahners Plaza __ . 
1350 E. Touhy Ave. Des Plaines, IL 60017-5060, Telephone: (312) 299-9311 
® Telex: 256148 CEGCGO DSP (Domestic), 82882 CEGCHGO (International) 
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| Please send advance registration information in ADEE East ’86, I 
| including details of the exhibition and Conference Program. 
| Name Title { 
j Company { 
Address ee j 
i City... Slate ZI a 
SPonemed Dy: EDN l Bring a team to share the ADEE opportunity! Photocopy this coupon for your i 
Endorsed by: | colleagues. 
‘Electronic Business _« Design News H Return to ADEE East ’86, Cahners Exposition Group, 1350 East Touhy Ave. I 
- Electronic Packaging + Semiconductor | P.O. Box 5060, Des Plaines, IL 60017-5060. D7 3 
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DESIGN IDEAS 


EDITED BY TARLTON FLEMING 


Latch array provides bank of control words 


William Grill 
Martin Marietta, Denver, CO 


An array of addressable latches provides you with a 
variable number of digital words of n bits each, all 
simultaneously active and accessible. Fig 1 shows the 
circuitry for 24 words of five bits each; you get one bit 
per column and eight (or fewer) words per row of 
devices. In many cases, this approach uses fewer parts 
than, say, a design involving one register per word. 
Note that the additional gates needed to meet fan-out 
requirements have been omitted for the sake of clarity. 


ss mem ||| pe I 
. = ots 


i 


You can update any of the control words by placing 
the desired data on D)-D,, applying the appropriate 
address (Ay-A,), and strobing the DAT STB input. 
Using the 1-of-8 decoder integral to each 74259 device 
(IC, through IC,.), the lower address bits (Ay-A:,) select 
the same output bit on each device. An external 1-of-4 
decoder (IC,) uses the upper address bits (A; and Ay) to 
select the appropriate row—ie, the word to be updated. 

EDN 


To Vote For This Design, Circle No 747 


WORD 23 
@ 


Fig I—This register array generates a bank of 24 programmable control words, which are useful for driving D/A converters, analog 


switches, and RF attenuators. 
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DESIGN IDEAS 


Multiplexers expand 8051’s data/code space 


AJ Nicoll 
Intel Corp, Hillsboro, OR 


Using three external 4-bit multiplexers, you can add 
dynamic RAM-refresh capability to your 8051 wC sys- 


ALE | | 
RD + WR + PSEN | | | 


ADDRESS (HIGH) 


ADDRESS (LOW) 


ADDRESS (LOW)/ 
DATA 


DATA 


256kx1-BIT DYNAMIC RAM 
RAS | | | | 
CAS | Li sd 


ADDRESS 


DATA 


Fig 1—Bus-timing diagrams for the 8051 pC and a typical dynamic 
RAM system are very similar. 
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1 
0 


tem, thereby expanding the data/code memory space to 
256k bytes (or more). The enhanced system can support 
RAM disks and printer buffers, for example, that 
transfer and store large amounts of data. 

The timing diagrams in Fig 1 show that the 8051 and 
a typical dynamic RAM have similar bus-timing re- 
quirements. Therefore, adding multiplexers IC, ICs, 
and IC, (Fig 2) simply changes ALE to RAS and WR to 
WE. In addition, NOR gate IC; combines the 8051’s 
RD, WR, and PSEN signals to produce the dynamic 
RAM’s CAS signal. 

To refresh the dynamic RAM, a timer interrupt calls 
a routine consisting of 256 NOP instructions. At a clock 
frequency of 12 MHz, for example, the NOPs steal 256 
wsec from each 4 msec of code-execution time, reducing 
throughput by only 7% as a consequence. 

This design relies on propagation time through the 
multiplexers to provide a hold time for the dynamic 
RAM. If the RAM is too slow, however, or the multi- 
plexers are too fast, you can add a gate delay in the 
ALE line, as shown by the dotted lines. EDN 
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256k x 8-BIT 
DYNAMIC RAM 


Fig 2—The addition of multiplexers IC2, IC3, and IC, provides dynamic RAM-refresh capability for an 8051 wC system. 
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Amplifier Arsenal 


50KHz to 2000MHz, 100mWoutput Gain Controlled From $69.95 


Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we've added more 
models to offer you a competitive edge in the continuing 
battle for systems improvement. 


The ZFL-2000, flat from 10 to 2000MHz, delivers +17 dBm 


output andis still priced at only $179. 

Need more output? Our ZFL-1000H, flat from 10 to 
1000MHz, delivers +20 dBm output. 

Variable gain important? Our ZFL-1000G, flat from 10 to 
1000MHz, delivers +3 dBm output with 30 dB gain control 
while maintaining constant input/output impedance. 

Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 50KHz to 500MHz, delivers 10 dBm 
output for the unbelievably low price of only $69. 

One week delivery ...one year guarantee. 

Gain the competitive edge... specify Mini-Circuits 
RF/IF signal-processing components. 


SPECIFICATIONS 


Model No. 
Freq (MHz) 
Gain (dB), Min. - 
Gain Flatness (dB) Max. 
Max. Power (dBm) 

(1dB compression) 
NF (dB) typ. 


3rd order 


Intercept pt (dBm) 
Current at 15V dc 


Price $ 
qty. 


ZFL-500 
0.05-500 


ZFL-1000G 


10-1000 
17 
+1,5 


+3 
12.0 


+13 
90mA 
199 
1-9 


ZFL-2000 


10-2000 


1-9 


ZFL-1000H 
10-1000 

28 

+1.0 


For complete specs on these and our 1- and 2-W models refer to 1985-86 


Gold Book or Microwaves directory. 
*+15 dBm below 1000MHz 
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A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
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AGC circuit uses an analog multiplier 


Steve Lubs | 
Dept of Defense, Washington, DC 


In the AGC circuit of Fig 1, a 4-quadrant analog 
multiplier (IC,), an amplifier stage (IC;), an active, 
full-wave rectifier (D:, D2, Ru-R;, and IC;), and an 
integrator (IC,) accomplish automatic gain control of 
Vin’s amplitude variations in the audio-frequency 
range. | 

The multiplier’s output is —-VinVy/10, where Vy is a 
negative voltage generated by the integrator IC,. To- 
gether, the integrator and the rectifier extract the de 
component (Vy) of Vour for use as a feedback signal to 
the multiplier. The integrator sums signal current from 
the rectifier and control current from potentiometer Rg, 
which lets you adjust Vour’s signal level. 

Circuit analysis yields the frequency-response equa- 
tion 


Vout = 


10RC; 5 + 10A 


KiAVc ,__1 
(ee 


or, in the time domain, 


. - (Kat) ox (..0At) 
our \A0RC; P\~ Re; /” 


In both equations, K;, is the gain of amplifier IC2, A is 
the peak amplitude of Vin, and R is the resistance 
between the integrator input and the rectifier output. 
(For this circuit, R equals Rez in parallel with Rv.) 

This AGC circuit is suitable for controlling long-term 
variations of amplitude within a limited range. It 
doesn’t respond uniformly over a wide dynamic range, 
however, because the time response is inversely pro- 
portional to input-signal amplitude. EDN 
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Re OUTPUT-LEVEL 


50k ADJUST 


Fig 1—Analog multiplier IC; combines Vin with a feedback signal Vy to achieve automatic gain control. 


210 


EDN September 4, 1986 


contact i Darel Petersen, ee Test 
m, Box 5227, Denver, CO 80217-5227. 


Together, we can find the answers. 


Honeywell 
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IC emulates many types of logic gates 


Kurt W Christner 
Carson City, NV 


Normally, you’d use a 4058-type triple-spdt analog 
switch (also called a triple, 2-channel analog multiplex- 
er/demultiplexer) for analog signal-switching applica- 
tions. When properly connected, however, the CMOS 
device can also emulate a variety of simple gates and 
flip-flops. What’s more, you can save space with a 4053 
by packing three types of simple logic gates into one 
DIP. 

Fig 1, for example, shows the 4053’s implementations 
and truth tables for eight logic functions. The inverter, 
buffers, and gates use one spdt section each; the 
flip-flops use two sections each. Note that the buffers 


%34053 


INVERTER 


Ain | Aout 
so] >o—0 Aout 0 ]1 
1 | 0 


Ain Aout 


2-INPUT AND GATE 


4053 
R/S FLIP-FLOP 
R 
Q 
Q 
S 


are bidirectional because the 4053’s input-to-output 
path is a symmetrical transmission gate. Also, unlike 
conventional buffers, they have an output impedance 
(on-resistance) of several hundred ohms. 

In Fig 2, the 2-input gates require the complement of 
one input; if the complement isn’t available, though, you 
can generate it using a %4058 as an inverter. The 
circuits of Fig 1 and Fig 2 will work with the Vrg 
terminal connected either to ground or to a negative 
supply voltage, provided that the 4053 and the external 
logic are operating from the same Vpp and Vsgg supply 
levels. (Ed Note: The 4053 requires supply voltages 
(Vpn and Vgs, pins 16 and 8), plus a bias supply (Viz, 
pin 7).) 

The level-shifting circuits of Fig 3 shift the Ary signal 


BUFFER 


Ain} Aout 
AIn Aout 01 0 
114 Von O 


AinO 


3-STATE BUFFER (HIGH ENABLE) 


" oo “ 
E 


2-INPUT OR GATE 


B 


R/S FLIP-FLOP 


R 


Ol} 


| 


*THESE ILLEGAL INPUT CONDITIONS PRODUCE OUTPUT STATES 
INVERTED FROM THOSE OF A CONVENTIONAL R/S FLIP-FLOP. 


Fig 1—You can implement each of these eight digital functions with one 4053-type analog multiplexer. 
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1400 REASONS TO BUILD 
YOUR PROGRAMMING FUTURE 
ON THE 29B. 


MANUFACTURER-APPROVED 
ALGORITHMS FOR RELIABILITY. 
Our modular approach to device sup- 
port is just part of the 29B story. With 
its manufacturer-approved algorithms, 


START WITH THE SUPPORT YOU 
NEED TODAY, AND BUILD YOUR 
WAY TO UNIVERSAL PROGRAM- 
MING. With algorithms for more 
than 1400 programmable devices, the 


Programming System. Today the 29B 
Supports 1400 devices. Tomorrow it 
will support even more. To make sure 
you have the latest listing of device 
support, complete this coupon and 


29B Universal Programming System 
gives you the freedom to choose the 


right device for your design. And 
even though we support virtually 
every device on the market today, 


you don't have to buy all that support 
at once. For example, you can start 
with gang and set programming for 
EPROMs and EEPROMS. Later expand 


your system by adding logic or 
bipolar PROM programming. 


Gradually, or all at once, you can 


build a full universal programming 


system. Our modular system of paks 
gives you complete programmable 


device support and is one of the 


major reasons the 29B has become 
the industry standard. You can buy 
for today’s needs, while keeping your 
options open for future expansion. 


Distributed by Hamilton/Avnet. 


the 29B excels at programming each 
device accurately. So whether you 
operate the 29B as a stand-alone, 
from a personal computer, or a ter- 
minal on your company’s mainframe, 
you're guaranteed reliable trouble-free 
programming, year-after-year. 


PROGRAMMING PERFORMANCE 
FOR TODAY. When successful com- 
panies want universal programming 
support, they turn to Data |/O. For 
more than 14 years we've maintained a 
steady commitment to support every 
device, so that you have the program- 
ming performance you need today. 


SEND FOR A DATA I/O WALL CHART 
OR DISKETTE. Start building your 
future today with the 29B Universal 


Data 1/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/Telex 15-2167 
FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-7528 (818) 700-0691/ Telex 910-494-2681 

Data 1/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1E5 (416) 678-0761 

Data 1/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/Telex 16616 DATIO NL 
Data !1/O Germany Bahnhofstrasse 3, D-6453 Seligenstadt, Federal Republic of Germany (6182) 3088/Telex 4184962 DATA D 

Data 1/O Japan Sumitomoseimei Highashishinbashi Bldg., 8F, 2-1-7, Highashi-Shinbashi, Minato-ku, Tokyo 105, 


Japan (03) 432-6991/Telex 2522685 DATAIO J 
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indicate whether you prefer a wall 
chart or diskette. (Enclose 2a 
$2.00 for postage and ager 
handling.) rr elt 


SEND $2.00 TO: 

Data |/O Corporation 

Attn: Marketing 
Communications 

10525 Willows Rd. N.E. 

P.O. Box 97046 

Redmond, WA 98073-9746 


Name 
Title 
Company 
Address 
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(MS-DOS compatible) 
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from Vss-Vpp levels to Ver-Vss or Ver-Vpp levels. VEE 
must connect to a negative supply voltage in these 
circuits. 

In these applications, the 4053’s inhibit input (pin 6) 
must connect to Vss. Also, the response of the 4053- 
based circuits is generally slower than that of equiva- 
lent CMOS digital gates. Even though the 4053’s propa- 


2-INPUT NAND GATE 


‘ C 
B 


4053 


gation delay from switch input to switch output is 
faster—about one-fifth that of a CMOS gate—the delay 
from a 40538 control input is approximately twice that 
from a CMOS-gate control input. EDN 
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2-INPUT NOR GATE 


A 
B C 


%4053 


2-INPUT XNOR GATE 


Fig 2—Each of these 2-input gates requires the complement of one input if you’re going to use a 4058 to effect them. 


LEVEL-TRANSLATING INVERTER 


%4053 


LEVEL-TRANSLATING BUFFER 184053 


Fig 3—These circuits use a 4053 to translate positive logic levels to negative logic levels (using Vss) and to bipolar logic levels (using 


Vpp). 


Digital-delay circuit is programmable 


Gary Embler 
Tall Tree Systems, Palo Alto, CA 


The circuit shown in Fig 1 lets you delay the positive 


digital transitions applied at the Start Input according 
to a programmable time interval. Within the available 
range, you can program a desired delay time to 16-bit 
accuracy. . 
The clock-synchronizer section synchronizes the main 
clock signal, 1x Clock, with the Start Input signal. 
When the Start Input goes from a low to a high level, 
the divide-by-16 counter (ICs) first resets to zero, then 


counts at the 16x Clock rate. In the counter section, 


two cascaded 8-bit counters, IC; and ICs, form a 16-bit 


214 


counter. Because each of these ICs contains an 8-bit 

parallel-input register, you can store the low and high 

bytes of the desired delay factor by applying data at 

D,-D; and strobing the appropriate Load input. The 
counters remain inactive as long as ICgp’s Q output 

holds the counter’s CLoad inputs high. 

When a positive transition at the Start Input causes 
ICep’s Q output to go low, the 16-bit delay data passes 
internally from the registers to the counters. The 
counters immediately begin counting up from their 
preloaded values at the 1x Clock rate. The delayed 
positive-output transition occurs at pin 9 (RCO) when 
IC,;’s counter rolls over from 255 to 0. Finally, IC¢g’s Q 


output goes high, which returns IC; and IC; to the load 
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THE FIRST 
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PROGRAMMER WITH A 
SINGLE SITE FOR EVERY DEVICE. 


NEW UNISITE 40 HANDLES LEADING- 

EDGE DEVICES WITH SPEED AND EASE. 

Now you can program and test the 

latest programmable devices and 

packages, fast and accurately — all in 

a single site. The first true universal 

pin drivers Support any device of a 

given package type in the same site. 

The UniSite™ 40's single DIP socket 

handles any device up to 40 pins, 

including PLDs, PROMs, IFLs, 

FPLAs, EPROMs, EEPROMs, and 

microcontrollers. The same site 

accommodates the most popular 

PLCCs and SO packages. A 16-bit 3%" micro-diskette. When new 
processor, coupled with custom ICs devices are introduced, you simply 
and high-speed RAM, set new speed _ load a new master diskette, and the 
records for programming and testing. | UniSite 40 is quickly updated. 


TIMELY ACCESS TO TOMORROW'S MENUS MAKE PROGRAMMING EASY. 
DEVICES. With universal pin driver Use your cursor to select any func- 
electronics hardware, device-specific tion. Menus prompt you step-by-step 
instructions can be loaded from one and HELP messages assist you 


Data !1/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/Telex 15-2167 
FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-7528 (818) 700-0691/ Telex 910-494-2681 

Data 1/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/Telex 16616 DATIO NL 
Data 1/O Germany Bahnhofstrasse 3, D-6453 Seligenstadt, Federal Republic of Germany (6182) 3088/Telex 4184962 DATA D 

Data I/O Japan Sumitomoseimei Highashishinbashi Bldg., 8F, 2-1-7, Highashi-Shinbashi, Minato-ku, Tokyo 105, Japan 


(03) 432-6991 / Telex 2522685 DATAIO J 
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throughout operation. A built-in listing 
of devices speeds part selection. The 
UniSite 40 can even save your most 
frequently used parameters for instant 
recall. 


SHORTCUTS SPEED SETUP. More fre- 
quent users can bypass menus and 
zoom directly to specific operations by 
selecting key commands. Special 
software commands, like the ones in 
our QuickCopy™ mode, are also 
available to streamline your program- 
mer operation. 


DESIGN FREEDOM FOR TOMORROW. 
When leading-edge designers use the 
latest programmable devices in their 
designs, they need the design freedom 
only the UniSite 40 can provide. Call 
your local Data |/O representative or 
1-800-247-5700 and ask about the next 
UniSite 40 demonstration in your area. 
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state to wait for the next positive transition at the Start y=the decimal value of the low-order delay byte 


Input. (0=y=255) 
Delay time, tp, from the Start Input signal to the tc=the period of the 16x Clock signal. 
Delayed-Transition Output is To increase the maximum delay time, you can either 
slow down the 16x Clock (sacrificing accuracy) or add 
tp=16(65,535 —256x — y)tc+18.5tc+0.5tc¢, 74LS592 counters. EDN 
where 


x=the decimal value of the high-order delay byte 


(0<x<255) To Vote For This Design, Circle No 746 
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Fig 1—This circuit provides a programmable delay for positive transitions at the Start Input signal. You load the 16-bit delay factor in two 
consecutive bytes, from the Do-D, inputs. 
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ITT 
Schadow’s 
Keyboard 


DIN Standards, modular construction, 
and full travel make ITT Schadow’s 
DC60 a supenor design. 


l; you build or engineer keyboards, key- 
pads, data entry panels, or control panels, 
we can suggest three very practical reasons 
for designing your product around ITT 
Schadow’s DC60. Keyboard switches. 

First, they are one of the few individual 
modular Keyboard switch designs that _ 
meet all DIN standards. This can make life 
a lot easier if you sell equipment overseas. 

Second, their modular construction per- 
mits versatility in board design. One basic 
switch can be modified to fit several differ- 
ent boards or circuit variations. 

And third, they offer optimum full travel 
for error-free rapid data entry, a fact that 
can give you a marketing advantage over 
less enlightened OEM's. 

Other DC60 product features include 
trifurcated gold contacts and a wiping 
action on each keystroke for continuous 
contact. 

For details on the DC60's suitability for 
high-tech applications — or for information 
on ITT Schadow’s custom switchmaking 
and worldwide sourcing — mail the coupon 
below. Or contact your local Authorized ITT 
Schadow Switch Center. 


FREE SAMPLES 


(_] | buy or specify switches. Please have a 
rep call me about a free Keyboard switch 
Schadow Box. 


_] | am not ready to talk with a rep yet, but 
please send a full-line switch catalog. 


EDNO090486 
Name 
Title 
Company 
Address 
Cit 
State 


Telephone ° 


MAIL TO: ITT Schadow Inc., a subsidiary of ITT 
Corporation, 8081 Wallace Road, 
Eden Prairie, MN 55344 
(612) 934-4400 


Schadow TTT 


Circle 41 for Sales Engineer Call/Samples 
Circle 2 for ITT Schadow Catalog 


for there are no more powerful 
or cost-effective 
microcontrollers available to run them 
than the new Zilog Supers family. 


Zilog The technology in your technology. 


an affiliate of “And that may be an understatement. For complete information on all - 

EXON Corporation eight versions of the Z8 microcontroller from the ultra-sophisticated 
designer's delight, the Super8, comparable in performance to many 16- 
bit chips, to the ultra-inexpensive yet surprisingly powerful, plain vanilla. 
plastic package Z8, call your nearest Zilog sales office or Zilog, Com- 
ponents Division, (408) 370-8022. 
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DOCUMENT EDITOR 


® Combines text and CAE/CAD 
graphics 

@ Runs on IBM PCs, MicroVAXs, 
and VAXs 


The CT2200 document editor com- 
bines text and CAE/CAD graphics. 
This package enables you to produce 
documentation from a CAE/CAD 
database that includes flowcharts, 
schematic drawings, simulation re- 
sults, and pe-board layouts. Using 
the software, you can define charac- 
ter fonts and scale drawings to fit in 
your documents. Pan and zoom ¢a- 
pabilities let you scan your docu- 
ment. Because the editor uses an 
ACSII file format, you can use a 
text editor to work with graphical 
and textual files. The program in- 
terfaces to laser printers; output 
resolution specs 300300 dots. The 
editor runs on IBM PCs and com- 
patible computers (under PC- or 
MS-DOS), on DEC MicroVAXs and 
VAXs (under VMS), and on Sun 
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Ry Wary sees ee ers 


workstations. IBM PC _ version, 
$2500; MicroVAX version, $5000; 
VAX version, $7500. 

Case Technology Inc, 633 Menlo 
Ave, Menlo Park, CA 94025. Phone 
(415) 322-4057. TLX 5065138. 
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CIRCUIT SIMULATOR 


@ Runs Spice on members of the 
DEC VAX family 

© Has the same input syntax and 
output as the PC-based version 


PSpice, an analog electrical circuit 
simulator, now runs on members of 
the DEC VAX family, including the 


MicroVAX II. The Device Equation 
option, the Probe graphics postpro- 
cessor, and the Parts parameter es- 
timator also run on VAXs. Probe 
and Parts can display graphics on 
Tektronix 4014 terminals and on 
DEC’s VT125 and VT200 terminals. 
The software can generate graphics 
for dot-matrix printers and pen 
plotters. The VAX-based versions 
use the same input and output syn- 
tax as the PC-based version. For 
VAX versions, PSpice, $1900; De- 
vice Equations option, $730; Probe, 
$900; and Parts, $900. 
MicroSim Corp, 
Cadena Dr, Laguna Hills, 

92653. Phone (714) 770-8022. 
Circle No 352 
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IC LAYOUT 


@ Distributed to MicroVAX IT sites 
using streaming tape 

@ Designs include gate arrays, 
standard cells 


The Meds (Micro Electronics De- 
sign System) IC-layout package 
runs on a workstation that combines 
a MicroVAX II computer and a 
Megatek (San Diego, CA) 7250 col- 
or-graphics terminal. In the single- 
user configuration, the system in- 
cludes 9M bytes of main memory, 
213M to 598M bytes of disk space, 
and the MicroVMS operating sys- 
tem. An Ethernet controller and a 
DECnet license provide network 
support. The program is shipped on 
DEC’s TK50 streaming tape. The 
package helps you lay out gate-ar- 
ray, standard-cell, and custom 
VLSI chips. It’s independent of any 
specific technology. The program 
furnishes color graphics, dual track- 
ing ports, and pan, track, and zoom 

capabilities. $88,000 to $111,000. 
Scientific Calculations Inc, 7635 
Main St, Fishers, NY 14458. Phone 
(716) 385-6790. TWX 510-254-8546. 
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CAE EDITOR 


@ Offers Ethernet communication 
between PC's and VAXs 

@ Simulation values appear on 
schematic 


Workview version 2.0 offers 
Ethernet communication between 
IBM PCs and VAX/VMS comput- 
ers. Other enhancements to the 
package include standard stroke 
fonts and a waveform processor that 
lets you enter data through a win- 
dow. What’s more, simulation val- 
ues now appear on the circuit sche- 
matic. A macro record/execute 
feature allows you to execute 
strings of commands with a function 
key. A text editor lets you edit any 
ASCII data file from within the 
program. The software supports 
monochrome monitors that spec res- 
olutions as fine as 1000800 pixels. 
This release also includes PLD sim- 
ulation. You can send output to 
Houston Instruments’ plotters and 


Hewlett-Packard’s Laserjet print-- 


ers. All versions run on IBM PCs 
and compatible computers that con- 
tain 512k bytes of memory. $4500 to 
$13,000. 

Viewlogic Systems Inc, 33 Bos- 
ton Post Rd W, Marlboro, MA 
01752. Phone (617) 480-0881. 
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PC-BOARD CAD 


@ Captures schematics 
@ Places and routes boards 


Auto-Board System II is a set of 
pe-board design aids that capture 
schematics, place components, and 
automatically route pc-board inter- 
connections. The software requires 


input from Autodesk’s AutoCAD. 
You can define trace and pad spac- 
ings, sizes of individual traces (with 
calculated clearances), default feed- 
through sizes, and default trace 
sizes. The standard configuration 
features a 1-mil grid on which you 
can place components and traces; 
techniques for changing the scale to 
accommodate metric resolutions 
and resolutions as fine as 0.1 mil are 
included. The automatic router im- 
plements the rip-up and reroute 
technique in its optimization pro- 
cess. The optimization process 
searches for tracks that contain ex- 
cessive segments and rips up those 
traces. Optional packages lay out 
surface-mount designs and route 
multilayer boards. The  surface- 
mount program ensures that routes 
to surface pads connect to the cor- 
rect layer; feed-throughs (which 
may be blind) leading to the surface 
are offset from pads, which pre- 
vents solder siphoning. The multi- 
layer router uses the layer-pair ap- 
proach to autorouting. Basic 
package, $3000; surface-mount and 
multilayer routing options, $500 
each. | 
The Great Softwestern Co Inc, 
207 W Hickory St #309; Denton, TX 
76201. Phone (800) 231-6880. 
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PARALLEL SIMULATOR 


@ Accelerates logic and fault svm- 
ulation 

@ Based on Balance 21000 parallel 
computer system 


Dataserver is a parallel-processing 
system that accelerates Lasar 6 
simulations. The simulator provides 
logic simulation, timing analysis, 
and fault simulation. Any mix of 
structural, behavioral, and _ hard- 
ware models is acceptable in the 
simulations. The system includes 
general-purpose, Unix-based pro- 
cessors that run other tasks. The 
computer is Sequent Computer Sys- 
tems’ Balance 21000, which this 
company enhances with hardware 
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...Our Voltage References Strike 
The Perfect Balance. 


‘Weigh your options. The choice is clear. 
Because the TSC04 and TSC05 precision IC 
voltage references tip the scale in your direction. 

With exceptionally low temperature drift and 
a wide operating current range, they’re ideal fora 
long list of circuit applications—ADCs, DACs, 
window comparators, precision clamps and more. 
Add low price and great availability, and they're 
the best voltage reference value you can find. 

Just choose the one that fits—the TSC04 out- 


ag heehee. 


“are two temperature grades, both with drift of just 


0 Dahan Initial output voltage Pps de. is 2%. 


erformance Vv oltage referee Just send 
us at (415) 968-92 


The Analog Signal Processing Company” — 


1300 Terra Bella Avenue « Mountain View, CA 94039-7267 « (415) 968-9241 
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HERE'S WHY YOUR DIP SWITCH 


SHOULD BE MIDIP’ SWITCH 


MACHINE- 
INSERTABLE 


Com patible with leading 

TO-116 IC insertion | 
equipment (Amistar, Dynapert and 
Universal). Terminals are 0.010” 
thick... won’t bend during inser- 
tion. Designed for excellent 


- golderability. Cartridge packed for 


- easy loading. The low profile 
MIDIP switch allows close board 
stacking. 


FULL 
SELECTION 


Choose the specific 
.... number of positions you 
need: 2 through 10 and 12 
stations, SPST. 


Unique setng-oaded 
ball contact system 
features a dual contact, 
deep-well design for consistent, 
high-pressure contact through- 
out the range of switch operations. 
_ Gold-plated moving contact 
| ee hl ee on a gold-plated - 


Gentilly ms tr 664.11 cr 


NE! .D. Mand —. 
"Auckland + Tel: (09) 600-008 — 


SEALING 


Integral bottom seal 

provided by molded-in : 

terminals. Optional top- : 
surface seal provides maximum . 
protection during solvent or 
high-pressure aqueous washes. 


OPERATING 
CONVENIENCE 


Easily activated with a 
pen or optional Grayhill 
“DIPSTICK?’ 


QUALITY 


Rated for 5000 opera- 

tions per position. Test- 

ing includes checking 
every contact on every switch, 
open and closed. 100% electrical 
inspection standard. Made of 
flame-retardant UL94V-0 plastics. 


CONFIDENCE 


Grayhill is a leader in 

DIP switches, with a 

reputation built on quality 
and service. The MIDIP switch is 
designed right—built right—and 
priced right—with the additional 
bonus of local availability through 
your authorized Grayhill distribu- 
tor. Two reputations depend on 
your DIP switch choice! 


NORWAY Hans H. Schive A/S SWEDEN Bo Palmblad Aktiebolag 
Nesbru e Tel: (02) 8451 60 Bromma « Tel: (08) 25 27 20 

SINGAPORE, REPUBLIC OF Microtronics Associates Ltd. SWITZERLAND Walter Blum AG 
Singapore « Tel: 7481835 Zurich « Tel: (01) (41)(1) 312 68 72 

SOUTH AFRICA, REPUBLIC OF Liberty Electronics Ltd. UNITED KINGDOM Highland Electronics, Ltd. 
Boksburg « Tel: (11) 52-7637 Burgess Hill, West Sussex » Tel: (044 46) 45021 

SOUTH KOREA Unistandard Corporation 

Seoul « Tel: (02) 532-6815 
SPAIN Unitronics SA 


Madrid « Tel: (01) 242 52 04 


COMPUTER-AIDED ENGINEERING 


that optimizes simulation opera- 
tions. The package includes a paral- 
lel version of Lasar 6. The program 
assigns processors in response to 
the needs of multiple users and to 
varying simulation loads. Simula- 
tions run without slowing other 
Lasar functions, such as model com- 
pilation and test postprocessing. 
These functions run separately on 
general-purpose processors, which 
also handle system I/O, operat- 
ing-system overhead, and network 
communications. The basic system 
includes Lasar 6, two general-pur- 
pose processors, four optimized sim- 
ulation processors, 16M bytes of 
main memory, a 3380M-byte storage 
disk, a tape drive, and 16 terminal 


ports. $300,000 to $700,000. 
Teradyne Inc, 321 Harrison Ave, 
Boston, MA 02118. Phone (617) 482- 
2700. TWX 710-321-1055. 
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PATTERN GENERATION 


e For digital designs that use scan- 
path techniques 

@ Assures 100% testability of de- 
tectable faults 


The ATPG (automatic test pattern 
generation) package ensures 100% 
testability of detectable faults in 
digital designs that use a scan-path 
methodology. By combining fault 
simulation and a path-tracing algo- 
rithm, the package can produce test 
vectors that find stuck-at faults in a 
scannable design. The company’s 
design system, which simulates as 
many as 250,000 gates at a speed of 
5 million evaluations/sec, uses this 
software to generate test vectors 
automatically. Once the logic design 
is complete, you can add test-circuit 
logic—such as scan rings—using the 
test-pattern generation package. 
The software runs on Apollo work- 
stations. $45,000. 

Aida Corp, 3375 Scott Blvd, Suite 
340, Santa Clara, CA 95054. Phone 
(408) 748-8571. 
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MICROWAVE CAE 


@ Based on HP Vectra PC and 
9000 Series 300 computers 
@ Runs Touchstone software 


These microwave-CAE  work- 
stations consist of the company’s 
Vectra PC or 9000 Series 300 com- 
puters and software. The work- 
stations can accept parameters that 
you measure with the company’s 
vector-network analyzers (eg, the 
8510 for microwave and the 87538A 
for RF). The software consists of 
Touchstone, a circuit-simulation and 
-optimization program; Touchstone 
Sr, which adds modeling capability; 
Touchstone Monte Carlo analysis, 
which translates estimated toler- 
ance and performance into predic- 
tions of production yield; and Line- 
calc, which synthesizes and analyzes 
line widths and other physical di- 
mensions for microstrip and strip- 
line designs. EEsof Inc (Westlake 
Village, CA) developed the soft- 
ware. Software and Vectra PC, 
$21,000; software and 9000 Series 
300 computer, $27,000; network an- 
alyzer, from $23,500. Delivery, 
eight weeks ARO. | 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 
Circle No 358 
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Industrial Devices Inc., Edgewater, NJ 07020 
Telephone: (201) 224-4700 


IDI's packaged LEDs solve more design problems—and cut assembly costs to bare 
minimums. Fast-mounting, space optimizing ideas for every PC board and panel need. 
Most are available right off the shelf. We also customize—working with engineers is 


Our specialty. Put a packaged solution where the problem used to 
be. Write today for our data book, or call direct. 
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NEW PRODUCIS 


COMPUTERS & PERIPHERALS 


VISION SYSTEM 


@ Works with IBM PCs 
@ Can recognize and process 255 
objects in single scene 


Designed for use with an IBM PC, 
PC/XT, PC/AT, or compatible com- 
puter, the Viewflex vision system 
provides a hardware and software 
package that allows your computer 
to process visual data and recognize 
as many as 255 objects in a single 
scene. A control box included with 
the system has a frame digitizer and 
I/O ports suitable for an industrial 


PARALLEL DRIVE 


@ 12.29M-byte/sec transfer rate 
@ Supports 1-, 4-, and 5-channel 
data transfers 


The 689M-byte M2360A parallel 
transfer drive features a 12.29M- 
byte/sec transfer rate, an 18-msec 
head-positioning time, and 1-, 4-, or 
5-channel data transfer. The unit 
uses a modified SMD interface for 4- 
and 5-channel parallel data trans- 
fers, and it lets you toggle between 
the two settings by switch. Through 


224 


environment. The digitizer can ad- 
dress 64,000 pixels with 64 levels of 
gray scaling. System software in- 
cludes a menu-driven application 
generator, suitable for use by non- 
technical personnel. You can use 
this system to control as many as 
four cameras. User-definable pa- 
rameters include visual resolution, 
feature extraction, and system tol- 
erances. $6000. 

Eshed Robotec Ltd, Box 28346, 
Tel Aviv 61282, Israel. Phone (03) 
340860. TLX 361181. 

Circle No 359 


software control, you can use the 
drive’s serial data-transfer mode to 
send system data to and from the 
host processor. The drive is suitable 
for real-time image processing. You 
can connect as many as eight units 
in a star or daisy-chain configura- 
tion. All drives connected to the 
same controller will act as a single 
drive. $19,000 (OEM qty). 

Fujitsu America Inc, 3055 Or- 
chard Dr, San Jose, CA 951384. 
Phone (408) 946-8777. TLX 176207. 
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TOKEN-RING SERVER 


e Links 64 terminals on token-ring 
LAN 

@ Uses an 802.5 Multibus network 
controller 


Linking as many as 64 terminals, 
host computers, and other devices 
to a token-ring LAN, the CS/1-TR 
communications server uses an 
IEEE 802.5 Multibus token-ring 
network controller, based on the 
TMS380 VLSI token-ring chip set. 
The server supports any mix of as 
many as four I/O options, including 
I/O modules with eight or 16 RS- 
232C ports, eight 3270-compatible, 
coaxial, Type A ports, and bisyn- 
chronous and bit-synchronous RS- 
232C ports. In a 64-port configura- 
tion, servers can allow as many as 
16,640 users to communicate on a 
single ring, based on a 260-node 
maximum per ring. The unit also 
lets you implement password securi- 
ty, broadcast messages among 
users, and select parameters for in- 
dividual ports. Its network-manage- 
ment features include onboard col- 
lection and display of CPU and 
buffer utilization, traffic and errors 
at either the port or ring level, and 
provisions for call queuing and auto- 
matic flow control. The 64-port ver- 
sion, $16,000; controller board, 
$2000. 

Bridge Communications Inc, 
2081 Stierlin Rd, Mountain View, 
CA 94043. Phone (415) 969-4400. 
TLX 176544. 
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PMI 1986 ANALOG 
APPLICATIONS SEMINAR 


Austria ! France Norway Japan 
Vienna, Oct. 6 Paris, Sept. 25 Oslo, Oct. 8 Tokyo, Nov. 5 
Belgium > Lyon, Oct 10 Spain Tokyo, Nov. 6 
Brussels, Oct. 2 Germany Barcelona, Oct. 10 Osaka, Nov. 7 
Denmark Munich, Sept. 26 Sweden Korea 
Copenhagen, Oct. 3 Dusseldorf, Oct. 9 Stockholm, Oct. 7 Seoul, Nov. 3 
Finland Israel United Kingdom Seoul, Nov. 4 
Helsinki, Oct. 6 Haifa, Sept. 29 ondon, Sept. 22 Singapore, Oct. 27 


diwali 


Tel Avi ept 


FOR RESERVATIONS: 
_ European Headquarters: 
Switzerland 
Phone: 042-33 33 33 
Japan: 
Tokyo 
Phone: (03) 234-1411 
Asia Pacific Headquarters: 


Hong Kong 
Phone: 852-5-702-171 


PMI's all new 3-hour technical 
seminar 1s coming to a city near 
you this Fall. PMI presents over 25 
bench-tested applications circuits 
showing new solutions to tough 
analog design problems. 


Learn cost-effective ways to: 

e Maximize linearity and bandwidth 
e Minimize drift, noise, offset and 
power consumption 


Know more about: 
e High accuracy non-linear circuits 
® Unusual new uses for D/A and 

A/D converters 


Precision Monolithics Inc. 
A Bourns Company 

Santa Clara, California, USA 
408-727-9222 


Receive: 
e Complete course notes 

e New applications handbook 

e Samples of latest high performance 
analog ICs 


Whether you're using Futaba, ISE or 
NEC vacuum fluorescent displays, 
Toko CPS series DC to DC Converters 
are the power solution to provide 
grid, anode and filament voltages 
—with high reliability and cost 
savings. They also provide stable 
power for modems, IRS-232 interfaces 
and other subsystems requiring 
mixed operating voltages, at prices 
much lower than other power 
altematives. Contact us to be sure 
you're not over specifying your DC 
to DC Converter needs. 


High performance characteristics: 


L] Stable output levels for 
flicker-free displays 


_] High switching frequency and 
ceramic substrate design 
combined with SMT for high 
bower and very compact size 


| Full metallic shielding and 
matched external filtering 
prevents EMI problems 


C1] Delivers rated performance from 
-20 to +65°C at 10 to 85% RH 


The CPS series is available in power 
outputs to 2.4\watts, with input 
voltages of 1.7 to 30 VDC and out- 
put voltages £5 to +50 VDC or 4 to 
10 VRMS AC. For more details and 
application assistance, contact 
Toko America today. 


TOKO 


TOKO AMERICA, INC. 


1250 Feehanville Drive 
Mount Prospect, Illinois 60056 
(312) 297-0070, TELEX: 724372 
FAX (GIil): (812) 699-7864 
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COMPUTERS & PERIPHERALS 


20-MHz EMULATOR 


e For HDS-300 development system 
® Zero-wait-state emulation to 16 
MHz 


To help with the task of developing 
a 32-bit MC68020 wP, you can now 
add the M68020HM8 emulation 
module to the HDS-300 develop- 
ment system. The module includes 
memory for real-time, zero-wait- 
state emulation at clock rates to 16 
MHz (20 MHz with one wait state). 
It also provides cache-memory sup- 
port and C language debugging at 
the source level. System-perfor- 
mance analysis is optional. The em- 
ulator operates with one of three 
host computers: an IBM PC with at 
least 10M bytes of disk capacity; a 
VME/10; or a VME System 1181. 
Three versions of the emulator offer 
64k-, 256k-, and 1M-byte emulation 
RAMs. $6500 to $16,300; system- 
performance analyzer module, 
$4500; HDS-300 control station, 
$7195. 

Motorola Semiconductor Prod- 
ucts Inc, Box 20912, Phoenix, AZ 


85036. Phone (602) 438-3501. 
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COLOR MONITOR 


® Offers 1600 X 1280-pixel resolu- 
tion 
@ 19-in. analog RGB monitor 


Offering 1600x1280-pixel resolu- 


tion, the MX-4190 19-in. analog 
RGB monitor has 60-Hz noninter- 
laced refresh, which provides a 
flicker-free image display. This ras- 
ter-scan color display system offers 
nearly photographic quality dis- 


plays for applications such as CAE, 


computer graphics, animation, and 
simulation. Its video bandwidth is 
greater than 160 MHz, and its 


brightness ranges from 40 to 55 fL. 
Beam divergence is <0.1 mm within 
a centered 6-in. circle and <0.4 mm 
elsewhere on the screen’s surface. 
Linearity is better than 1% over the 
entire visible display. Raster-size 
regulation is 0.5% overall and from 
0 to 100% APL (average-picture 


level). For CAE applications, the 


monitor’s high dimensional accuracy 
lets you take measurements directly 
from the screen. $5995. 
Monitronix Corp, 2971 Silver 
Dr, Columbus, OH 43224. Phone 
(614) 262-0334. 
Circle No 363 


DOCUMENT PROCESSOR 


@ Converts printed text or graph- 
ics as fast as 100 cps 

@ Features automatic 50-sheet 
feeder 


The CDP compound document pro- 
cessor can convert printed text or 
graphics to computer data at a rate 
as high as 100 cps. The manufactur- 
er claims that the CDP can read 
typeset or typewritten text in vir- 
tually any size, style, or format 
without human intervention or 
prior manual training of the system. 
The unit has an automatic document 
feeder that holds 50 sheets and ad- 
justs for sheet sizes from 3X5 in. to 
8%x14 in. The processor can read 
boldface, italicized, and proportion- 
ally spaced characters in portrait or 
landscape mode. Using its standard 
RS-232C interface, the unit can 
download the data to your host com- 
puter or PC; you can order an op- 
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Electronic development engineers expect high e Avariety of termination styles 
quality at low cost from modern connector systems. The connectors are available with terminals for — 


For this reason high demands are made of the soldering, wave-soldering (straight and angled), 
various individual components. insulation displacement and crimping. 
With SBM 383 subminiature connectors Siemens - SBM 383 connectors are compatible with all 


offers a wide range of economically priced products. | commercially available SBM connection systems 
@ A variety of applications and comply with the latest IEC draft standard 48B 


ea : Germany) 99 at requirement levels 2 and 3. With 
Applications for SBM 383 connectors are found in ( 
sirsguneca ent cations, text and data processing polyester as the insulation material, good tempera- 


as well as in test engineering and instrumentation ture stability is achieved. 

and control. They are employed as rack and panel Should you wish further information, please write to 
connectors, cable connectors and equipment Siemens AG, Infoservice 143/085, Postfach 23 48, 
connectors. D-8510 Furth. 


Electromechanical components from Siemens 
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A19100-N621-Z2-V1-7600 


Beas 


LEMO B Series quality connectors available in multicontact 
from 2 to 64 contacts, or unique coaxial-multicontact, 
or high voltage multicontact configurations 


SPEED: Connectors engage and disengage simply AESTHETIC-FUNCTIONAL DESIGN: Outer shell and 
and quickly by pushing and pulling axially with the back nut finished with matte chrome plating. Contacts are 
mated connector gold plated. LEMO connectors will complement any front 
SPACE SAVINGS: Only finger clearance on two sides panel application. — 
needed to engage and disengage connectors. No need Over $1 million inventory stocked in Santa Rosa, California, 
to twist or turn locking ring. sold by a network of representatives in North America. 
RELIABILITY: Key/Keyway pattern provides mating For technical data and catalog, as well as the name of 
exclusivity. Quick-Lok mechanism assures secure your local representative, please call or write LEMO 
contact by audible click when lock is engaged. Color U.S.A., INC. (707) 578-8811, P.O. Box 11006, 

coding is available too. | _ Santa Rosa, California 95406. 


RUGGEDNESS: Connector components are precision 
machined from brass bar and tubing stock, plated with 
copper and then nickel. Locking mechanism is totally 
protected by outer shell, virtually eliminating accidental 
disconnections, damage to locking mechanism, cables — 
and contacts. = —hMCsitits—s—tseststi‘“_——<—s—s—sésC—C—™—C'T 
See us at Midcon booth #1429 and at Northcon booth #1120 | 


LEME ile 
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tional Multibus or Ethernet inter- 
face. The processor also lets you 
generate such formatting functions 
as character flagging and spelling 
correction. $39,500. Delivery, 60 

days ARO. | 
Palantir Corp, 2500 Augustine 
Dr, Santa Clara, CA 95054. Phone 

(408) 986-8006. 
Circle No 364 


10-MHz COMPUTER 


© Hardware- and software-compat- 
ible with IBM PC/AT 
@ 10- and 6-MHz modes 


Offering a 25% improvement in 
speed over the 8-MHz IBM PC/AT, 
the pc-286 contains a 10-MHz wpP, 
but also provides a 6-MHz mode for 
full software compatibility with the 
slower, original version of the 
PC/AT. The basic unit has 1.2M 
bytes of memory, expandable to 
81.2M bytes of disk storage. It’s 
also hardware compatible with the 
PC/AT. Standard features include 
Microsoft MS-DOS 3.1, GW-Basic 
3.1, a choice of keyboard layouts, 
640k bytes of RAM, eight expansion 
slots, a real-time clock with battery 
backup, an RS-232C port, and a 
parallel port. You can configure a 
computer with a combination of 
1.2M-byte, half-height floppy-disk 
drives; 20M-byte, half-height hard- 
disk drives; and 40M-byte full- 
height hard disk drives. $2499 to 
$4199. 
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Wyse Technology, 3571 N First 
St, San Jose, CA 95184. Phone (408) 
433-1000. TLX 3719730. 
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DEVELOPMENT SYSTEM 


@ Provides access to IBM PC-com- 
patible device drivers 

@ Allows multiple real-time tasks 
to operate independently 


The STD Multi-DOS development 
system is a real-time, multitasking 


You can if you or your test system has 
the new Behlman DCT Series AC Power 
Source. Why? Because the DCT’s 
capacity can respond to demands for 
high peak repetitive currents and power 
factors down to zero. With its IEEE-488 
interface the DCT can be programmed 
to simulate real world line faults such 
as dropouts, surges, long duration 
transients, frequency variations, and 
more. No variable transformer can 
respond to or duplicate these kinds 

of conditions. 

The DCT Series can also initiate voltage 
turn on at any point in a cycle while 


system that provides access to IBM 
PC-compatible device drivers and 
files. The development system uses 
an STD-8088 operating system with 
a 100-ysec interrupt response and a 
VRTX kernel. Within this develop- 
ment system, multiple real-time 
tasks operate independently with- 
out concern for the system responsi- 
bilities associated with interleaved 
execution. The Multi-DOS system 
consists of an IBM PC-compatible 
host, 256k bytes of RAM, a card 
cage with power supply, cables, and 
documentation. The development 
package includes PC-DOS, Multi- 
DOS BIOS, VRTX, and a real-time 

debugger called Tracer. $6000. 
Ziatech Corp, 3433 Roberto 
Court, San Luis Obispo, CA 93401. 
Phone (805) 541-0488. TLX 4992316. 
Circle No 366 


AG BORER BUPELY 
GAG SROGRAMRASLE 


EMLMAN ENGINEERING 
bee nen BARBERS. CST: 


providing capability for peak repetitive 
currents of up to 4.5 times its rating. 
Find out more about Behlman’s new DCT 
Series. Call collect or write today. 


(805) 684-8311 


BEHLMAN 


A Fiskars Company 


1142 Mark Avenue 
Carpinteria, CA 93013 
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NEW PRODUCTS 


COMPONENTS & PACKAGING 


PRESSURE TRANSDUCER 


@ Features aluminum body 
© Machined beam gauge 


The MFP strain-gauge pressure 
transducer features a 1-piece alumi- 
num body (stainless steel is option- 
al) with a machined beam that fea- 
tures two semiconductor piezo- 
resistant gauges mounted in 
Shear. It provides accuracy to 0.1% 
full scale for linearity, hysteresis, 
and repeatability. This half-bridge, 
3-wire transducer performs more 
than 100M full cycles. Designed for 
OEM integration as a component in 
pe boards, the device is 1% in. long 
and 1 in. wide; it weighs 35g. Capa- 
ble of withstanding 500g shocks on 
all axes, it’s available in 25 to 
10,000-psig full-scale ranges. You 
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can also specify various electrical 
and mechanical features. Less than 
$50 (1000). 

DJ Instruments Inc, 18 Republic 
Rd, North Billerica, MA 01862. 
Phone (617) 667-5301. 

Circle No 367 


DIP SWITCH 


® Can be inserted by a machine 
® Features low contact resistance 


The Series 90 Midip machine-insert- 
able DIP switch maintains low con- 
tact resistance over its operating 
lifetime. The switch retains the 
company’s spring-loaded sliding-ball 
contact; however, the ball now trav- 
els in a track, providing two points 
of contact to ensure low contact 
resistance. The top tape seal has 
passed seal tests, including the 
high-pressure aqueous cleaning pro- 
cess. This switch is available in ver- 
sions with two through 12 stations. 
For an 8-station sealed switch, $1.88 
(100). 

Grayhill Inc, Box 10373, La- 
Grange, IL 60525. Phone (812) 354- 
1040. TLX 6871375. 
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CAPACITOR KIT 


@ [RD multilayer film capacitors 
@ Contains 15 pieces each of 18 dif- 
ferent values 


Samples of this IRD multilayer-film 
capacitor kit are now available. 
These capacitors can be used in ap- 
plications where X7R monolithics 
have been used traditionally. Kits 
include 15 pieces each of 18 different 
values, ranging from 1000 pF to 1 
wk’. Capacitor cases have a 0.2-in. 
lead spacing with 10% tolerance and 

a 63V working voltage. $35. 
Thomson Components-Mostek 
Corp, 6203 Variel Ave, Unit A, 
Woodland Hills, CA 91867. Phone 
(818) 887-1010. TWX 310-371-9759. 
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MEMORY SOCKET 


@ Designed for TI and NEC 24-pin 
video RAMs 

e@ Fits row spacings set on 0.4-iNn. 
centers 


This 24-pin video RAM socket, the 
ICN Series, is designed for TI and 
NEC 24-pin video RAMs and fits 
row spacings set on 0.4-in. centers. 
The socket offers dual-wipe con- 
tacts, alignment ramps, and open 
frames. It is available with phos- 
phor-bronze or beryllium-copper 
contacts and either tin or gold plat- 
ing. $0.485 (100). 

Robinson Nugent Inc, 800 E 
Eighth St, New Albany, IN 47150. 
Phone (812) 945-0211. 
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Without the right connections, 
you. could pay a lot to 
deliver a little raster data. 


There’s no question that a raster pro- 
cessor is a wise investment. Without it, your 
computer is loaded down processing raster data 
for your hard copy devices. But unless you’re 
careful, you could pay a fortune for a processor 
with more capacity than your plots demand. 

That’s why we designed our VP-10. For 
all but the densest plots, it’s got all the pro- 
cessing power your hard copy devices need 
— at less than half the price of most high- 
volume processors. 

The VP-10 will dramatically speed your 
plotting. Its pipelined architecture allows it to 
simultaneously receive input from your com- 
puter while it outputs data to the plotter. So 
communications between computer, terminal 
and plotter are lightning fast. 

It’s also versatile. Most popular hard 
copy devices are supported, including Ben- 
son, Calcomp and Versatec plotters, as well 
as the Seiko D-Scan thermal plotter, Matrix 
QCR camera and Minolta SP 50-B laser page 
printer. A variety of input options (such as 
HPGL, Calcomp 906/907 and KMW.PLT) 
provide for easy connection to the host. 

Best of all, the VP-10 has KMW’s un- 
matched reputation behind it. We built the 
very first graphic element processor 10 years 

ago. And we’ve been innovating 
graphic processing solutions 
ever since. 
So why pay for more 
raster processor than you 
need? Call KMW today at 
1-800/531-5167 (in Texas, 
512/836-8080) or write 
ee KMW Systems 
© Corporation, 8307 
Highway 71 West, Austin, 
Texas 78735. 


SYSTEMS 
CORPORATION 


For the nght connections 


Auscom is now a division of KMW Systems Corporation. 


Registered trademarks: Benson— Benson, Inc.; Calcomp— California Com- 
puter Products, Inc.; Versatec — Versatec, Inc.; Matrix QCR — Matrix Corp.; 
Minolta SP 50-B — Minolta Corp.; Seiko D-Scan — Seiko Instruments U.S.A. 
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VIDEO CONVERTER 


® Converts at 25 MHz 
@ Requires 13W 


Pin-compatible with the MOD1020, 
the ZAD1025 offers a conversion 
rate of 25 MHz, a fully variable 
conversion speed, a 13W power re- 
quirement, and a digitization of full- 
scale input signals to 12.5 MHz. The 


Opening | 
the door is not as 
hard as you think. 


You've heard that surface-mount 
technology is complicated, mys- 
terious, frightening, expensive to 
get underway . . . and absolutely 
essential if you’re going to compete 
with the smaller, better performing, 
lower cost electronic products that 
are being designed today. 

But, don’t despair. Now there’s a 
one-stop surface-mount technology 
center: Interplex Technologies. 
We'll eliminate the complication, 
mystery, fear and most of the 
Start-up expense of SMT for you, 
quickly and cost-effectively. 

Our product lines include stan- 
dard and custom memory modules, 
interconnects for changing LCCs 
to leaded chip carriers to eliminate 
TCE, and complete Type |, Il, and 
Ill SMT assemblies. In addition, we 
offer comprehensive design, proto- 
typing, and testing services, plus 


device is ECL compatible and specs 
an S/N ratio greater than 56 dB. 
The architecture of this converter is 
the digitally corrected subranging 
type, which uses custom ICs and 
proprietary circuitry. It includes a 
4-bit precision data encoder in con- 
Junction with a 7-bit encoder to gen- 
erate a 10-bit digital output word 
with a 1-bit overlap. The digital- 


the capability to supply small, 
medium, and large production 
quantities. When you're ready for 
in-house manufacturing, we'll 
assist you in developing the most 
efficient systems and even provide 
specialized automated assembly 
equipment, if you need it. 

We'll make opening the door to 
SMT easier and less costly than 
you think. Call us for some straight- 
from-the-shoulder talk. 

Contact Walter Bailey, Interplex 
Technologies Corporation, 381 
Park Street, Hackensack, New 
Jersey 07602; 201/343-3156. 


m@™ 


bitter plex: 


Technologies 


An Interplex Industries Company 
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correction algorithm is imple- 
mented with a custom LSI circuit. 
$2100 (100). 

Analog Solutions, 940 Detroit 
Ave, Concord, CA 94518. Phone 
(415) 686-6660. 


Circle No 371 


DISPLAY MODULE 


®@ Consumes 600 mA at 5V dc 
@ Mounted on one pc board 


Featuring a 1-line x16-character 
configuration, the VS-0116-01 vacu- 
um-fluorescent display is mounted 
on a single pe board and includes the 
display, wP controller, de/de con- 
verter, and drive electronics. It ac- 
cepts both serial and parallel data. 
Brightness of the 9-mm characters 
is 175 fL; software dimming is stan- 
dard. The display is blue-green and 
can be filtered to many colors. 
Viewing angle is a 150° conical. 
Power consumption is 600 mA at 5V 
de. The display uses a 14-segment 
font that displays the 64-character 
ASCII set of upper-case letters, 
numbers, and symbols. $76 (OEM 
qty). Delivery, six to 12 weeks 
ARO. 

Babcock Display Products Inc, 
1051S East St, Anaheim, CA 92805. 
Phone (714) 491-5100. TLX 325138. 

Circle No 372 


SAMPLE/HOLD AMPS 


@ 6-wsec access time max 
@ Incorporates a hold capacitor 


The SHC76 14-bit hybrid S/H cir- 
cuits feature an acquisition time of 6 
ywsec max. Aperture uncertainty is 
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Now you can have a good-looking VF display at 
an affordable price with IEE’s new line of ‘“‘NO- 
FRILLS’’ FLIP™ vacuum fluorescent display 
modules. 


These compact, economical displays share many 
of the most convenient features of the standard IEE 
FLIP display line, but at a much lower cost. The 
1x20 model shown above is priced at only $64 
each in quantities of 100. Production-quantity 
pricing is even lower. 


“NO-FRILLS” FLIPs are ideal for high-volume OEM 
applications such as copiers, point-of-sale terminals, 
pay telephones, and security systems. 


For Immediate Application, Circle 1 
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ACTUAL SIZE 


And, just look at all of the features: 


e Bright, easy-to-read 5 x 7 dot matrix characters 


e On-board microprocessor that accepts parallel 
ASCII data 


e Operation from a single +5VDC power supply 


e Choice of several formats, including 1 x 20, 1 x 32, 
1x40, 2x20, and coming soon—2 x 40 


So, if you want a low-cost, high-quality front-panel 
performer, just call IEE and ask the $64 question. 


<= INDUSTRIAL ELECTRONIC ENGINEERS, INC. 
sexx Industnal Products Division 


yy 7740 Lemona Ave., Van Nuys, CA 91409-9234 
=< Jel: (818) 787-0311, Ext. 478 ¢ Telex: 4720693 IEE /PD 


<= FAX (818) 902-3723 (G2/G3) 


For Reference Material, Circle 40 
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mm 


<400 psec typ; droop is specified at 
1 wV/psec max. Offset voltage is +3 
mV max, adjustable to 0. The ampli- 
fier comes with a hold capacitor and 
incorporates an internal compensa- 
tion network to minimize S/H 
charge offset. It is configured as a 
unity-gain inverting amplifier. The 
device comes in a 14-pin hermetical- 
ly sealed metal DIP. Power supply 
requirements are specified from 
+14.5 to +15.5V, with guaranteed 
operation from +11.4 to +18V. In- 
put-voltage range is +10V. Two 
temperature ranges are available: 0 
to 70 (SHC76KM) and —25 to +85°C 
(SHC76BM). From $52 (100). 
Burr-Brown, Box 11400, Tucson, 
AZ 85734. Phone (602) 746-1111. 
TWX 910-952-1111. 
Circle No 373 


TRIMMER CAPACITORS 


@ Q is >3000 at 250 MHz for 
4.5-pF devices 
@ 500V dc operating voltage 


The small sapphire trimmer capaci- 
tors that make up the P Line spec a 
0+50-ppm/°C temperature coeffi- 
cient. The line’s 4.5-pF devices have 
a Q of over 3000 at 250 MHz and a 
0.25-nH inductance at frequencies 
to 10 GHz. They feature an internal 
O-ring, are interchangeable with 


unsealed designs, and have a 500V 


de operating voltage. Operating 
within the military temperature 
range, these capacitors withstand 
mechanical shock of 100g for 6 msec 
and vibrations of 60g at 10 to 2000 
Hz. They comply with all MIL-C- 
14409D specifications. No flux or 
cleaning fluid can get inside, accord- 
ing to the manufacturer. Three 
models—2.5-, 4.5-, and 8-pF ver- 
sions—are available in 0.125-in. di- 
ameters. A 1.2-pF max version has 
a 0.075-in. diameter. Sample kit, 
with a combination of 15 parts, $75. 
Voltronics Corp, Box 476, East 
Hanover, NJ 07936. Phone (201) 
887-1517. TWX 710-986-8253. 
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PRESSURE SENSORS 


@ Absolute-, differential-, and 
gauge-pressure devices 
@ 0 to 1 through 0 to 100 psi 


The SCX Series pressure sensors 
measure absolute, differential, and 
gauge pressure with ranges from 0 
to 1 through 0 to 100 psi. Accurate 
reading for applications involving 
pressures as low as 0 to 5 in. of 
water column are guaranteed. 
When operating with a 12V supply, 
the standard devices provide a zero- 
pressure offset of 8300 w»V max with 
an offset shift over temperature (0 
to 70°C) of 100 wV; full-scale span 
trimmed within a maximum toler- 
ance of +1%; and a guaranteed span 
change over the temperature range 
of <+1.0%. Because the initial ac- 
curacy is laser trimmed, it allows 
these devices to be used in many 
applications without the need for 
any circuit adjustments or further 
external-temperature compensation 
circuitry. In addition, the sensors’ 
4-kQ impedance offers the low 
power dissipation required in most 
portable and battery-operated 
equipment. The output voltage is 
ratiometric to the supply voltage; 
full-scale outputs range from 18 to 
100 mV. The devices can operate 
satisfactorily with supply voltages 
to 30V. Accuracy is >0.1% full-scale 


NEW FROM LOGICAL DEVICES INC: 


PROMPRO-8X™ Model II 


A stand-alone programmer starting at $895.00 can 
put you in business to program EE/EPROMs PAL/ 
PLDs,* Single Chip micros,* and Bipolar PROMs,* 

+ EPROM IN-CIRCUIT EMULATION* capability that 
can speed up your development time considerably 
and an RS-232 communications port that lets you 

integrate it with your IBM PC as a total firmware and 
Logic development station. 


All from a company with an excellent reputation for 
quality and service. | 


WA UNIVERSAL DEVICE PROGRAMMER 
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COMPONENT 


output typ. From $15 (100); evalua- 
tion kit, $50. 

Sensym Inc, 1255 Reamwood 
Ave, Sunnyvale, CA 94089. Phone 
(408) 744-1500. 

Circle No 375 


PANEL METERS 


@ Feature DIN compatibility 
@ Offer choice of inputs 


The 60 Series digital panel meters 
are DIN compatible. The line con- 
sists of 3%- and 4%-digit models 
with a choice of inputs that include 
various thermocouple types, de or 
ac volts or amps, and volts or amps 
rms. Input ranges from millivolt 
levels to 600V; from microampere 
levels to 5A, and from -—328 to 
1999°F allow use in a variety of 


LEADER IN DEVICE PROGRAMMING 


also available UV ERASERs and 
GANG programmers. 
All products 100% made in U.S.A. 


CALL 1-800-331-7766 


Logical Devices Inc. 1321 NW 65th Place 
Ft. Lauderdale, FL 33309 


Stand-Alone/RS-232 
512K bits RAM buffer 
EPROMsS 2716-27512 
Capacity: Two EPROMs 


applications. Versions are available 
for ac or de line power. Temperature 
models include reference-junction 
compensation of 0.038°C/°C. All mod- 
els feature common packaging and 
screw terminal-block connnections. 
A 5V dc-powered, de-voltage-input 
version, $89. 

Doric Scientific, 3883 Ruffin Rd, 
San Diego, CA 92123. Phone (800) 
854-2708; in CA, (800) 227-9781. 
TLX 249031. 
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FSK RECEIVER 


@ Produces a zero-IF system 
® Output data rate is 4000 bps max 


The SM450 is a low-power radio 
receiver for direct FSK data-trans- 
mission systems. In this zero-IF 
system, VHF frequencies are con- 
verted directly to the audio fre- 
quency range. The direct-conver- 
sion approach, in which the local 
oscillator runs at the carrier fre- 
quency, converts VHF to FSK devi- 
ation frequency. No IF tuning and 
crystal or ceramic filters are neces- 
sary. A minimum of coils is re- 
quired. Supply voltage ranges from 
1.8 to 6V. Power consumption is 3 
mA at 5V. Input sensitivity is 0.5 
wV. The output data rate is 4000 
bps max for 4.5-kHz FSK frequency 


S & PACKAGING 


deviation. $40 (1000). 

Siltronics Ltd, 436 Hazeldean 
Rd, Kanata, Ontario, Canada K2L 
1T9. Phone (613) 886-5000. TLX 
0533936. 
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SUPPRESSORS 


© Protect 220/240V ac-power 
equipment from transients 

@ Differential mode voltages 
<750V (worst case) 


The Series 587B ac-power transient 
suppressors are designed to protect 
220/240V ac equipment and meet 
the line-surge standards of IEKEE- 
STD 587, Categories A and B. In- 
tended to be hard-wired into the 
equipment between the power 
switch and the power supply, the 
models use solid-state Transzorb 
technology, which guarantees that 
differential mode voltages will not 
exceed 750V under worst-case con- 


(set programming) TELEPHONE ‘TELEX 

@ Accepts Intel, Mot. Hex files eee : a poets! seem 
: anada East 514) . oF 

m Accepts JEDEC files . Canada West (604) 291-8866 04-356533 

@ Optional Keypad/Alpha display england 0652-688626 527339 
, @ Tilt stand and carrying handle _ Itly.. Ger, Swss (02) 688-2141 845 79734 
*some devices require . Australia (03) 560-1011 790 35703 
optional adaptors. @ Works with Exatron IC handler (02) 736-1564 79082635 


WITH AN UNUSUAL PRICE TAG: $895 


CIRCLE NO 183 
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ditions. Case operating-tempera- 
ture range is —40 to + 85°C; current 
leakage at the 220/240V ac operat- 
ing voltage is 1 mA (differential 
mode) and 0.5 mA (common mode). 
587B062, $65; 587B162, $73 (100). 
Delivery, stock to six weeks ARO. 
General Semiconductor Indus- 
tries Inc, Box 3078, Tempe, AZ 
85281. Phone (602) 968-3101. TWX 

910-950-1942. 
Circle No 378 


F-O ATTENUATOR 


@ Offers calibrations between 850 
and 1300 nm 
@ /nsertion loss is <2.5 dB 


Designed for multimode applica- 
tions, Model 210 maintains a 
+0.5-dB calibration accuracy over a 
10- to 40-dB range. You can select 
calibrations between 850 and 1300 
nm. You can vary attenuation con- 
tinuously from the insertion loss to 


() ARIES 


ELECTRONICS, INC. 
Headers, Sockets, Jumpers, DIP Switch 
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beyond 50 dB. Insertion loss is <2.5 
dB. The attenuator’s LCD shows a 
0.1-dB direct reading. The device 
has two display modes: The absolute 
mode displays the total attenuation 
level selected; the relative mode dis- 
plays the difference between a set 
level and the actual attenuation. An 
internal lithium battery specs a life- 
time of 10 years typ. The operating 
range is 0 to 40°C. The unit mea- 
sures 10x 10.25 3.75 in. and weighs 
less than 6 lbs. $2500. 
Intelco Corp, 8 Craig Rd, Acton, 
MA 01720. Phone (617) 264-4485. 
Circle No 379 


TRANSDUCER 


@ Dual resonant frequency near 
1000 Hz 

@ Resonant wmpedance of 35000, 
Max 


The KBT-88SB-2T piezoelectric 
transducer has a dual resonant fre- 


P.O. Box 130 

Frenchtown, NJ 08825 
Telephone (201) 996-6841 
Telex 6974615 

FAX 201-996-3891 


025 Sq. Sti 


repair. 


@ Simple, 


@ 65,535 hardware breakpoints 

@ Built-in RAM and ROM tests 

@ Runs at target system speed 

@ Finds software bottlenecks in code 

powerful operator interface 

@ Z80, 64180, NSC800, 8085 su 

Optional ICEpack software is available for 

symbolic debugging and special applications. 
Find out how ICEBOX combines power 

and price to save time, money and guesswork! 


Call 800/433-8812! 


Ask About Our 14-Day 
Money Back Guarantee! 
VISA, MasterCard, American Express Accepted! 


quency near 1000 Hz and a resonant 
impedance of 35000 max. It gener- 
ates distinctive low tones when 
sound is warbled between frequen- 
cies. The transducer features four 
pins for mounting. The device oper- 
ates without inductive coils. The 
sound-pressure level is 70 dB min (1 
to 1.5 kHz, 30 em). The input volt- 
age is 20V p-p. $0.58 (10,000). De- 
livery, eight to 10 weeks ARO. 
Kyocera Northwest Inc, Elec- 
tronic Components Group, 11425 
Sorrento Valley Rd, San Diego, CA 
92121. Phone (619) 454-1800. 
Circle No 380 


An in-circuit emulator this powerful 
should cost ten times more! 


ICEBOX gives you more 
than 65,000 breakpoints 
for less than $600-00 


For true full-speed emulation, ICEBOX is 
the portable alternative. 

Small and compact, ICEBOX is the most 
cost-effective microprocessor emulation tool 
available. Perfect for trouble- 
shooting, hardware and software 
development, production test and 


‘fez 


orted 


SOFIAID, Inc. 


8930 Route 108 
Columbia, MD 21045-2101 
301-964-8455 
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The INMOS 256K CMOS DRAM. 
Feel the exhilaration of unparalleled speed. 


INMOS sets performance standards again 
with the new IMS2800 family of second 
generation 256Kx 1 DRAMS. It’s upwardly 
compatible with 64K x 1 and first generation 


256K devices. 
With RAS access times of 60 to 150ns and 


cycle times down to 12ins, the IMS2800 
family maximizes the speed-power benefits 
of CMOS without compromising traditional 
DRAM system costs. 

INMOS continues to lead with an address 
multiplexing scheme that eliminates timing 
constraints while reducing speed loss 
associated with traditional DRAM designs. 
INMOS’ unique 2ns Row Address hold time 
saves 10 to 15ns in the address multiplexing 
sequence. This, in addition to Static Column 
mode accessing, allows no wait state opera- 
tion with the new generation of fast 32 bit 
microprocessors including Motorola’s 68020, 
Intel’s 80386 and our own T414 Transputer. 
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The IMS2800 from INMOS. Experience 
the speed for yourself. 


Part Number} Function Min. 
IMS2800-60*| Static 12ins 
IMS2800-80 | Column 146ns 
IMS2800-10 | Decode 100ns | 176ns 


Part Number} Function (Min.) 
IMS2801-60* 35ns 
IMS2801-80 | Enhanced 46ns 
IMs28o1-10 | Page Mode 56ns 


Data on Nibble Mode and Extended Serial Mode versions 
available upon request. 


*Contact factory for delivery. 
CIRCLE NO 224 


INMOS, Colorado Springs, 
Colorado, Tel. (803) 630-4000 
Bristol, England, 

Tel. 0272-290-861 


Paris, France, 
Tel. (1) 4 687-2201 


Munich, Germany, 
Tel. (089) 319-1028. 


When you're ready 
tocool down your \ 
competition, call INMO 


INMOS, Transputer, and IMS are 
trademarks of the INMOS Group 
of Companies. 
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ICs & SEMICONDUCTORS 


DATA SEPARATOR 


@ 20-bit cell-divide algorithm 
e@ Hard-disk write-precompensa- 
tion logic 


The HDC-9227 universal-disk data 
separator is a recent addition to the 
HDC9224 disk-controller family. 
Combined with the manufacturer’s 
HDC9223 analog support chip, the 
device provides all the digital func- 
tions needed to control an analog 
hard-disk data separator plus a 
high-resolution digital floppy-disk 
data separator. The device provides 
data separation for hard-disk drives 


and IBM-compatible 8-, 5%-, and 
3'%-in. floppy-disk drives. It fea- 
tures a 20-bit cell-divide algorithm 
for floppy-disk data separation and 
built-in hard-disk write-precompen- 
sation logic. The device’s self-ad- 
justing phase-locked loop eliminates 
the need for the tuning and tweak- 
ing required by analog data separa- 
tors. 28-pin plastic DIP, < $25(100). 
Delivery, six to eight weeks ARO. 
Standard Microsystems Corp, 35 
Marcus Blvd, Hauppauge, NY 
11788. Phone (516) 273-3100. TWX 

510-227-8898. 
Circle No 386 


OP AMPS 


@ Additions to the VA700 series 
@ Unity-gain stable 


The VA705, -706, -707, and -708 are 
additions to the manufacturer’s 
VA700 Series of high-performance 
monolithic operational amplifiers. 
The VA705 features an open-loop 
voltage gain of 20,000, a settling 
time of 250 nsec to +0.1%, and a 
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slew rate of 835V/yusec. The -706 fea- 
tures an open-loop gain of 5000, a 
slew rate of 40V/ sec, and a band- 
width of 40 MHz. Both devices are 
unity-gain stable and are internally 
compensated to drive capacitive 
loads as high as 500 pF. Each one 
delivers a 100-mA p-p output cur- 
rent. The -707 provides the same 
performance as the -705 and -706 
but is stable in circuits with gains 


=10. It features a slew rate of 135V/ 
wsec and a 500-MHz gain-bandwidth 
product. The -708 features an open- 
loop gain of 5000, a 100V/ysec slew 
rate, and 150-nsec settling time to 
+0.1%. In 8-pin TO-99, 8-pin ceram- 
ic DIP, 8-pin plastic and SOIC 
(small-outline IC) plastic packages, 
from $2.31 (1000). 

VTC Inc, 2401 E 86th St, Bloom- 
ington, MN 55420. Phone (612) 851- 
5000. 

Circle No 387 


REGULATORS 


@ Input-voltage ranges of 2 to 
16.5V, 4 to 16.5V 
@ Free-running oscillator 


The MAX634 and MAX4891 are 
low-power CMOS de/de inverting 
converter/regulators. The devices 


operate over an input-voltage range 
of 2 to 16.5V (MAX634) and 4 to 
16.5V (MAX4891). The output volt- 
age can be as high as —20V as long 
as the I/O voltage differential does 
not exceed 24V. The devices have a 
free-running oscillator set by an ex- 
ternal capacitor. The oscillator pro- 
vides the drive for an on-chip power 
MOSFET, which has an on-resist- 
ance of 4Q and a current rating of 
375 mA max. In 8-pin plastic DIPs, 
MAX4391, $2.71; MAX634, $2.90 
(100). 

Maxim Integrated Products, 510 
N Pastoria Ave, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No 388 
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raining time as probably the k biggest 
deterrent to truly efficient throughput on any 
high-speed, dedicated data link. | 
The UDS 9600FP has cut on-line training time 
to 8 milliseconds, which is a33% reduction of | 5000 Bradford Drive, 
the previous 12 ms “industry standard.” The Huntsville, AL 35805. 
result is a marked improvement in productive Phone 205/721-8000; 
throughput and data link cost-effectiveness. Telex 752602 UDS HTV. 
The device operates over unconditioned 
four-wire leased lines. In addition to its fastpoll 
capabilities, it can also function in the ; 
conventional CCITT V.29 mode. Integral test (3 Unive rsal Data systems 
features allow for system performance 
evaluation and fault isolation within the MA) MOTOROLA INC. 
communications link. — - Information Systems Group 


UDS modems are offered nationally by leading distributors. Call the nearest UDS office for distributor listings in your area. 
DISTRICT OFFICES: Apple Valley, MN, 612/432-2344 e Atlanta, GA, 404/998-2715 e Aurora, CO, 303/368-9000 « Blue Bell, PA, 215/643-2336 « Boston, MA, 617/875-8868 « Columbus, OH, 
614/895-3025 « East Brunswick, NJ, 201/238-1515 « Glenview, |L, 312/998-8180 « Houston, TX, 713/988-5506 « Huntsville, AL, 205/721-8000 « Issaquah, WA, 206/392-9600 « Livonia, MI, 
313/522-4750 * Mesa, AZ, 602/820-6611 ¢ Milwaukee, WI, 414/273-8743 ¢ Mission Viejo, CA, 714/770-4555 « Mountain View, CA, 415/969-3323 « Richardson, TX, 214/680-0002 « St. Louis, 
MO, 314/434-4919 « Silver Spring, MD, 301/942-8558 © Tampa, FL, 813/684-0615 ¢ Uniondale, NY, 516/222-0918 * Van Nuys, CA, 818/891-3282 * Willowdale, Ont, Can, 416/495-0008 
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Your fastest start in PAL design. 


When you replace TTL with 
Programmable Array Logic (PAL®) 
devices, you get greater design flexi- 
bility and faster design time than with 
any other digital logic technology. 

Now, Texas Instruments and 
Personal CAD Systems are offering a 
PAL Starter Kit that will give you the 
fastest start in PAL design. For only 
$49.95. 


THE FASTEST PAL DEVICES. 


TI's IMPACT™ technology pro- 
duces the fastest PAL devices you can 
buy: 12 nanoseconds fast. They. can 
cut processing time in half for such 
speed-critical applications as high- 
resolution graphics. The Starter Kit in- 
cludes one each of the TIBPAL16XX-12 
series: the industry standards 1618, 
16R4, 16R6, and 16R8. Just one of 
these PAL functions can replace up to 
10 TTL packages. 


THE FASTEST PAL DESIGN LANGUAGE. 
P-CAD’s CUPL™ is the most 
powerful high-level PAL design lan- 
guage. With powerful logic reduction 
algorithms, your choice of descrip- 


‘Texas Instruments 
and P-CAD present 
the 492 PAL 
Starter Kat. 


tion formats, and time-saving short- 
hand notation. And CUPL works with 
your choice of device programmer 
and IBM™-compatible PC-XT or AT. 
The Starter Kit includes user manual, 
and full-function software with device 


support limited to the four PAL func- 
tions supplied. 


CALL 800-227-6703 FOR THE 
FASTEST START. 


The Starter Kit also includes 
“My First PAL Design; an informative 
booklet that gets you off to the right 
start. All for $49.95; plus postage and 
handling. (If you don’t have a device 
programmer, contact one of the 
TI-authorized distributors listed in 
the kit for free programming of the 
four PAL IC’s provided.) For prompt 
delivery, call 800-227-6703 (from CA: 
800-632-7979) and have your VISA or 
MasterCard handy. Or send check, 
money order or charge card authori- 
zation to: Starter Kit, PO Box 306, Half 
Moon Bay, CA 94019. 

With an offer like this, we’re 
going to make a lot of new pals. 


IMPACT is a trademark of Texas Instruments. PAL is a registered 
trademark of Monolithic Memories, Inc. CUPL is a trademark 
of Personal CAD Systems, Inc. 


—_—__—,. 
p-cad 
THE BENCHMARK 


* Plus $3.00 postage and handling 


ICs & SEMI- 
CONDUCTORS 


DISPLAY DRIVERS 


@ Latch/decoder/driver IC's 
@ 14-bit BCD input address con- 
verts to a 7-bit-segment output 


Models CD54/74HC/HCT4511 are a 
pair of BCD-to-7-segment, latch/de- 
coder/driver integrated circuits. 
The devices convert a 4-bit BCD 
input address to a 7-bit-segment 
output for driving either LEDs or 
incandescent-lamp displays. Both 
devices are capable of sourcing as 
much as 7.5 mA of drive current 
when operating from a 4.5V supply. 
The 74HC type can source as much 
as 10 mA because it can operate 
from a6V supply. The CD54/74HCT 
type operates over the TTL power- 
supply range of 4.5 to 5.5V. 
CD74HC/HCT4511 in plastic DIP, 
$1.25 (100). 

RCA, Solid State Div, Rte 202, 
Somerville, NJ 08876. Phone local 
office. 

INQUIRE DIRECT 


MULTIPLIER/ALU ICs 


@ Devices operate at 20M flops 
@ Multiply/accumulate throughput 
is 200 nsec 


The WTL 3132 and WTL 83382 32-bit 
data-path devices offer 100-nsec 
multiply/accumulate throughput. 
Included on a single device are a 
floating-point multiplier and ALU, a 
4-port 32x82-register file, and a 
look-up table to accommodate divide 
operations. As a result, board space 
is one fourth that of previous ICs 
that performed the same functions. 
The devices operate at a 20M-flops 
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OUR MATE SYSTEMS 
« WILL OVER-POWER YOU 


“MATE-like” or Full MATE Qualifi- 
cation, Elgar can supply the right 
power source equipment! 


e SL/SX AC Power Sources 

e PIP 9012 or 9022 Programmers 

e 14, 2¢ or 3¢; 500 VA to 5250 VA 
Models 


Features: 

e Built-in TMA 

e Programmable Current Limiting 

e Confidence Test 

e BIT and BITE 

e Full Measurement 
Capability 

e |EEE488 Listener/Talker 


For more information call: 


800-854-2213 
800-44-ELGAR (In California) 


9250 Brown Deer Road 
San Diego, CA 92121 
Telex: 211063 ELSD 


Custom Lighting Solutions — 


When Syntex Dental Products, Inc., of 
Valley Forge, Pa., needed a customized, 
subminiature light source for a high speed, 
handheld dental drill, they came to Welch 
Allyn for a brilliant design solution. 

The compact drill design required Welch 
Allyn engineers to develop an extremely 
small, precision lensed lamp and fiber op- 
tics to provide bright, focused, color-true 
lighting for critical dental operations. The 
lamp filament was precision wound to with- 
stand intense drill vibration. The custom 
base was designed for easy lamp 
replacement. 

Put twenty-five years of innovative lamp 
design and low or high volume manufactur- 
ing capabilities to work on your custom 


lamp needs. Experience and state-of-the-art 


equipment enable Welch Allyn to customize 
lamp source, shape, size or performance to 
precise customer needs— economically. 
Contact Welch Allyn Lamp Division. 


WA 


Welch Allyn 


Jordan Road, P.O. Box 187 
Skaneateles Falls, New York 13153-0187 
Phone: (315) 685-8945 TWX 710 325-435 


Bringing your bright ideas to light. 
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CIRCLE NO 56 


ICs & SEMICONDUCTORS 


rate. The WTL 3382 has three I/O 
ports; the WTL 3182 has one. The 
3132 comes in a 144-lead pin-grid 
array; the 3332 comes in a 168-lead 
pin-grid array. Each dissipates less 
than 1W. WTL 3832, $425; WTL 
3132, $850 (100). 

Weitek Corp, 1060 E Arques 
Ave, Sunnyvale, CA 94086. Phone 
(408) 738-8400. 

Circle No 389 


Tl REPEATER 


® Acts as a regenerative repeater 
at 1.544M-bps data rate 

® Operates from a single 6.8V 
supply with drain of 13 mA 


The MP5262, a monolithic repeater 
IC, contains all the active functions 
required to build one side of a T1 or 
2M-bps PCM repeater. The device 
operates as a regenerative repeater 
at 1.544M-bps data rates on T1-type 
PCM telephone lines. The repeater 
IC operates from a single 6.8V sup- 
ply with a typical current drain of 13 
mA. The clock-extractor section 
uses a resonant-tank circuit rather 
than the injection-locked oscillator 
used by earlier repeater-IC designs. 
The bipolar output drivers automat- 
ically assume the off state in the 
absence of an input signal. In a 
16-pin ceramic DIP, $6 (100). 
Micro Power Systems Inc, 3100 
Alfred St, Santa Clara, CA 95054. 
Phone (408) 727-5350. 
Circle No 390 


DATA SEPARATOR 


@ CMOS version of enhanced flop- 
py-disk interface circuit 

@ Requires no external components 
or tuning 


The CMOS FDC9239 data separator 


is a plastic J-leaded version of the 
FDC9239 enhanced floppy-disk in- 
terface circuit for use in surface- 
mount pe boards. The device re- 
quires no external components or 
tuning adjustments. It’s compatible 
with industry-standard floppy-disk 


controllers, including the FDC- 
765A, FDC7265, and FDC179X 
family. The IC incorporates a preci- 
sion digital-data separator, write- 
precompensation logic, and a pro- 
grammable head-load timer. It also 
offers hardware and software com- 
patibility with the existing indus- 
try-standard FDC9229. The device 
comes in two versions: the 
FDC9239/T for 5%-in. disks, and 
the FDC9239B/T for 3%-, 5%4-, and 
8-in. disks. The devices are avail- 
able in 28-pin PLCCs and in 20-pin 
DIPs. Less than $15 (100). Deliv- 
ery, six to eight weeks ARO. 
Standard Microsystems Corp, 35 
Marcus Blvd, Hauppauge, NY 
11788. Phone (516) 273-8100. TWX 
510-227-8898. 
Circle No 391 


MATH CHIPS 


© Multiplier and ALU for 32-bit 
floating-point chips 
@ CMOS parts dissipate YW 


The TMC3032 multiplier and the 
TMC3033 ALU are alternate-source 
devices for the WTL1032 and 
WTL1033 32-bit floating-point 
chips. Both devices come in two 
versions, one performing 8M flops 
(standard version) and the other 
10M flops (-1 version). Both the 
multiplier and the ALU operate 
from a single 5V supply and use 
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Clear and Bright 


Vacuum Fluorescent Technology 
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EATURES 
. High resolution and high brightness provides excellent 
appearance and quality. _Dot Module Series List — 
os.O 


. Light weight and thin package permits compact design. ayee: —— Dot Character gues 
Construction Size Pere 


TTL compatibility provides easy interface and self-test and Line characters 
brightness control are standard features. M20SD01CA 20x 1 5 x 7dot 3.5 x 5.0 222 
Graphic Module Series List M20SD42CA 20x 1 5 xX 12 dot 3.5 x 8.75 222 


Number Pixel Effective Alphabetic bien 

Type code of Pixels Pitch Display Area System Display M40SD02CA 40x 1 5 x 7 dot 3.5 x 5.0 222 
row X column mm mm digit X col w/cursor 

GP1005 128 x 64 0,65 83 x41,4 VFD 20 x 6 M40SD42CA 40x 1 5 X 12 dot 3.5 X 8.75 222 


GP1006 256 Xx 64 0,65 166 x 41,4 VFD 40 x 6 w/cursor 
M202SD03CA 20 x 2 5 x 7dot 3.5 x 5.0 222 


GP1009 240 X 64 0,45 107,9 x 28,7 VFD 40 x6 w/cursor 


GP1001 320 X 120 0,375 120 x45 FLVFD 52 xX 12 M402SD04CA 40 X2 5x 7dot 35x50 222 
GP1002 320 x 240 0,375 120 x90 FLVFD 52 X 24 w/cursor 
quire for single color Graphic Module Inquire for single color Dot Module 


FUTABA 
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nous LEDs to dat@ 


Stanley's new generation of LEDs, 

LCDs and display units are designed 

to shine with all of the color and 

luminous splendor of the Polar Lights. 

Stanley’s always been known for wide variety 

in LEDs and LCDs. And for brightness... our 

red LED is the world’s brightest. Now we're going 


to be known for color, brightness and variety side by side, 
and so are you when you put these colorful and bright 


new design to work for you. 


oi 


@ Stanley Dot Matrix LCD Module for Graphic 
Displays 

Compact, lightweight and thin, this clear high- 

contrast display packs plenty of graphic information 

into your handheld computer, message display 

equipment, or word processor. 


@ Stanley DN304 Ultra-High Power Infrared LED 
Features ultra-high radiant power (GaAlAs type), 
850nm peak wavelength, and _ ultra-high-speed 
response. The wide directivity characteristics 


(A96 =35 degrees) enable wide-angle radiation. 80mW/sr). 


STANILEY 


ELECTRIC CO.,LTD. 


Electronic Equipment Export Section 

2-9-13 Nakameguro, Meguro-ku, Tokyo 153, Japan 
Telephone: (03) 710-2557 Facsimile: (03) 792-0007 
Telex: 2466623 SECTOK J 


@ Stanley Dot Matrix LCD Module 
Full alphanumeric capacity is provided by this high- 
performance module with 5 x 7 dot 
characters. All control, refresh and display functions 
are executed by an on-board driver. 


@ Stanley DN305 Ultra-High Power Infrared LED 
GaAlAs type LED with 850nm peak wavelength, 
ultra-high-speed response and narrow directivity 
(A9=15 degrees). High radiant intensity (I, = 
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@ Stanley Large-Sized LED Graphic Display Unit 
For words and pictures that make a moving display 
that is big-as-life, these units are X-Y stackable in 
units of 16 x 16 dots. 


matrix 


Stanley Hi-Super 

Bright LED 
These are the world’s 
brightest LED. Continuous 
Liquid Phase Epitaxial Growth Technology produces 
the aurora-bright intensity of 3000mcd for all your 
outdoor displays. 


Stanley LED/LCD Agents Overseas @® DENMARK/DITZ SCHWEITZER A-S Tel: 02-453044 Telex: 
33257 @FINLAND/TELETEKNO OY Tel: 0-717566 Telex: 122124 @FRANCE/A. JAHNICHEN & C* 
Tel: 387-59-09 Telex: 290714 @F.RGERMANY/ELITE ELEKTRONIK UND LICHT GMBH & CO. KG 
Tel: 08094-18152 Telex: 527353 @BENELUX/LOHUIS LAMPEN BV. Tel: 01606-2651 Telex: 54145 
@®SWEDEN/AB BETOMA Tel: 08-820280 Telex: 19389 @SWITZERLAND/DEWALD AG Tel: 
01-4827711 Telex: 815200 ®UNITED KINGDOM/STC MERCATOR Tel: 0493-844911 Telex: 975441 
@CANADA/DESKIN SALES Tel: 416-475-1412 Telex: TWX610-492-5113 @US.A/JAC. INTERFACE, 
INC. Tel: 714-841-6090 Telex: 655328 
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ICs & SEMICONDUCTORS 


CMOS, rather than NMOS, technol- 

ogy. Power dissipation is %2W vs 
the NMOS devices’ 2W. What’s 
more, the multiplier offers six addi- 
tional compare and compare-magni- 
tude instructions (previously unde- 
fined for the WTL1033). In 64-pin 
DIPs, $95 (1000). 

TRW, LSI Products Div, Box 
2472, La Jolla, CA 92038. Phone 
(619) 457-1000. 

Circle No 392 


RECTIFIERS 


@ PIV ranges from 50 to 1000V 
@ 25- to 75-nsec recovery 


The UF Series of switching rectifi- 
ers is available in peak inverse-volt- 
age ratings from 50 to 1000V. The 
devices spec current-handling capa- 
bilities as high as 70A. These high- 
speed, high-voltage devices allow 
you to drive a transistor to its full 
BVczgo rating. Typical forward volt- 
age is as low as 930 mV, and reverse 
recovery time ranges from 25 to 75 
nsec. The operating- and storage- 
temperature range is —65 to 
+175°C. In axial-lead plastic, DO4, 
DO5, TO8, and TO218 cases, from 
$0.70 (1000). Delivery, six weeks 
ARO. 

Semicon Components Inc, 10 
North Ave, Burlington, MA 01808. 
Phone (617) 272-9015. 

Circle No 393 


STATIC RAMs 


@ 35-nsec access times 
@ Offer data retention for power 
supplies as low as 2V 


These three 16k-bit CMOS static 
RAMs, the V61C16 (2kx8 bits), 
V61C68 (4kx4 bits), and V61C67 
(16k x1 bit), feature access times of 
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35 nsec. The RAMs use 6-transistor 
memory cells and offer data reten- 
tion when operating from supplies 
as low as 2V. Typical operating cur- 
rent is 80 mA; typical standby cur- 
rent is 0.1 wA; and typical data- 
retention current is 0.05 pA. In 
plastic DIPs: V61C16P35L, $14.51; 
V61C68P35L, $12.76; V61C67P35L, 
$11 (100). | 
Vitelic Corp, 3910 N First St, 
San Jose, CA 951384. Phone (408) 
433-6000. TLX 3179461. 
Circle No 394 


DECODER IC 


@ Can replace 24-pin PLD and two 
octal latches 

@ Programmable address and se- 
lect inputs 


The HPL-82C339 decoder IC draws 
supply currents of 2 mA/MHz in 
active mode and 50 pA in standby 
mode. The device has a 50-nsec max 


propagation delay over the —55 to 


+125°C temperature range. In a 
typical application, the decoder can 
replace a 24-pin PLD and two octal 
latches. The seven address inputs to 
the device are field programmable 
for either high- or low-true address 
decoding. The high- and low-bank 
select inputs are also program- 
mable. The device comes in either a 
24-pin ceramic DIP or a 28-pad ce- 
ramic LCC. In the DIP, $11.85 
(100). 

Harris Corp, Box 883, Mel- 
bourne, FL 32919. Phone (805) 727- 
9100. 

Circle No 395 


CMOS EPROM 


@ Offers access speeds of 200, 250, 
and 350 nsec 


@ Available in leaded chip carrier 
and DIP 


The VM27C256, a 256k-bit CMOS 
EPROM, is available in versions 
with access speeds of 200, 250, and 
350 nsec. The manufacturer states 
that the device is the first 256k-bit 


PEARSON 


Wide Band, Precision 


CURRENT 
MONITOR 


With a Pearson current monitor and an 
oscilloscope, you can measure pulse or 
ac currents from milliamperes to kilo- 
amperes, in any conductor or beam of 
charged particles, including those at 
very high voltage levels. 


This monitor is physically isolated from 
the circuit. It is a terminated current 
transformer whose output voltage pre- 
cisely follows the current amplitude and 
waveshape. A typical model gives an 
amplitude accuracy of + 1%, —0%, 20 
nanosecond rise time, droop of 0.5% 
per millisecond, and a 3 db bandwidth 
of 1 Hz to 35 MHz. Other models fea- 
ture 2 nanosecond rise time, or a droop 
as low as 1% per second. 


Whether you wish to measure current 
in a conductor, an electron device, or a 
particle accelerator, it is likely that one 
of our off-the-shelf models (ranging 
from 42” to 10%” ID) will do the job. We 
also provide custom designs to meet 
individual specifications. 


Contact us and we will send you 
engineering data. 


PEARSON 
ELECTRONICS,INC. 


1860 Embarcadero Road 
Palo Alto, Calif. 94303, U.S.A. 
Telephone (415) 494-6444 
Telex 171-412 
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WHAT'S THE DIFFERENCE BETWEEN 
1976 AND 1986? 


EFFICIENCY 


NUMBER OF COST 
COMPONENTS PER WATT 
Thi and 
is a 8 8 a 
this... 
1976 RMD 1986 ERD 1976 RMD 1986 ERD 1976 RMD 1986 ERD 
50 Watts 60 Watts 50 Watts 60 Watts 50 Watts 60 Watts 
POUNDS 
PER WATT 
and 
this... 
1976 RMD 1986 ERD 1976 RMD 1986 ERD 1976 RMD 1986 ERD 
50 Watts 60 Watts 50 Watts 60 Watts 50 Watts 60 Watts 


Presenting the new d-c to d-c converters 
Kepco/TDK Series ERD 


Actually, the basic difference between our new Series ERD These d-c to d-c converters are offered with either 24V inputs 


and our very popular 10-year-old Series RMD, is 275KHz. or 48V inputs — 30 models in all. 
RMD operates at a switching peavey of 25KHz. ERD Single unit prices: 30 Watts, $135; 60 Watts, $160; 
operates at 300KHz. 150 Watts, $225. 


And it's thanks to that 12-fold increase — plus such 

developments as hybrid microcircuitry and power FETs — that 
we're able to give you such light, compact, low-priced units 
with all these features: Adjustable voltage output... remote 
error sensing...optically isolated remote on-off...overvoltage 
protection...rectangular current limiting ... LED power OK 
indicator... built-in MIL-STD-461B filter. 
We're offering Series ERD d-c to d-c converters in three 
sizes: 30 Watts, 60 Watts, and 150 Watts; 10 models are : : | 
available in each size: 5V-, 12V-, 15V-, 24V-, ] “, ERD 150 WATT MODEL 
and 48V-output. ™ : 


OEM quantity discounts available. For complete 
specifications and 144-page Kepco Applications Handbook 
and Full Line Catalog, call or write Dept. JGF-12, KEPCO,INC., 
131-38 Sanford Avenue, Flushing, NY 11352 USA : 
(718) 461-7000 - TWX #710 582 2631 « FAX (718) 767-1102. 


ICs & SEMI- 
CONDUCTORS 


CMOS EPROM available in a leaded 
chip carrier (32-lead LCC). It’s also 
available in a 28-pin DIP. The 
EPROM is organized as 32,7688 
bits and is compatible with most 
commercial wPs. According to the 
manufacturer, the LCC-housed de- 
vice offers significant size and 
weight advantages over other de- 
vices: Board-space requirements 
and weight are reduced by 60% and 
30%, respectively. The 250-nsec 
DIP version, $203; in LCC, $2438 
(100). 

VLSI Technology Inc, 1109 
McKay Dr, San Jose, CA 95131. 
Phone (408) 942-1810. 

Circle No 396 


DYNAMIC RAM 


® Organized as 1,048,576 1-bit 
words 

@ Specs 100- or 120-nsec access 
time 


The TC511001P dynamic RAM is 
organized as 1,048,576 1-bit words. 
It’s available with 100- or 120-nsec 
access-time specs. In nibble mode, 
access time is 20 or 25 nsec, respec- 
tive to the 100- and 12-nsec ver- 
sions, for each of four successive 
bits of data. The device operates 
from a single 5V+10% power sup- 
ply. Maximum operating power is 
330 mW for the 100-nsec part and 
275 mW for the 120-nsec device. 
Standby power is 5.5 mW for either 
version. In an 18-pin plastic DIP, 
$77 (100). 

Toshiba America Inc, 2692 Dow 
Ave, Tustin, CA 92680. Phone (714) 
832-6300. 

Circle No 397 
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tube -ology 


t(y)iib-al-a-jé [see UNIFORM TUBES] 1: the science of cut- 
ting, closing, reducing, 
expanding, corseting, flaring, 
flanging, slotting,lancing, | 
punching, notching, flat- @& 
tening, piercing, rounding, 
dimpling, bulging, beading, © 
bending, and coiling minia- 
ture tubing. 2: technology 
used to meet the most exact- 
ing design requirements for © 
tubing. 3: a means of mini-— 
mizing component costs. 


For further definition 
call or write today. 


UNIFORM vuees, inc. 


| Collegeville, PA 19426-0992 e Telephone: 215/539-0700 
UTi TWX: 510-660-6107 © Telex: 84-6428 
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INTERFACE PRODUCTS 
TS IT ALL TOGETHER! 


Illuminated keyboards, annunciators 
and edgelighted panels. Integrated displays, 
digital readouts and special components. 
Custom or standard. Whatever your man/ 

machine interface requirement, Interface 

Products can design and build-it—from 

the entire black box to individual 
components. 
Interface Products provides 
products for use in military, aero- 
space and commercial applications. 
_ From avionics displays to process 
controls, our products provide 
a reliable and functional inter- 
face between the operator and 
the system. 

’ Need bright solutions for your inter- 
face requirements? Let Interface Products 
put it all together for you. Call or write 
today for complete information. 


INTERFACE 
PRODUCTS, 
INC. 
2185 S. Grand Avenue, Santa Ana, CA 92705 
(714) 549-4977 © TWX 910-595- 2569 
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“NEW PRODUCTS 


COMPUTER-SYSTEM SUBASSEMBLIES 


SUBSYSTEM KIT 


@ Tape backup for PC's 
@ 319M bytes of backup 


The ATS kit provides the IBM 
PC/AT with high-capacity disk stor- 
age and a cartridge streaming-tape 
drive for backup. It offers backup 
storage capacities of 112M, 146M, or 
319M bytes (formatted). Installa- 
tion requires one slot and one DMA 
channel. The ATS comprises three 
models: the /140-T, the /170-T, and 
the /380-T. Each kit includes a 5%- 
in. ST506 or ESDI Winchester disk 
drive with the company’s MD01 or 
MD21 disk controller; a %4-in. car- 
tridge streaming-tape drive with 
the company’s MT02 tape controller; 
the company’s IB02 host adapter; 
and required cables. Each kit also 
includes a mounting frame for the 
MD01 or MD21 disk controller and 
rails with which to install the disk- 
and tape-drive peripherals in the 
PC/AT. The MD0O1 controller pro- 
vides a 5M-bps data-access rate 
from the disk and ensures data in- 
tegrity. It also manages multitask- 


248 


ing operations and provides a high- 
speed data buffer. The MD21 
controller features a 32k-byte buf- 
fer, defect management, and bad- 


block replacement. $6175 to 
$11,100. 

Emulex Corp, Box 6725, Costa 
Mesa, CA 92626. Phone (800) 368- 
5398; in CA, (714) 662-5600. 


Circle No 398 


ENHANCEMENT BOARD 


® Controls IBM PCs and compati- 
bles uith voice commands 
® 0.2-sec conversion time 


The Little Dictator enhancement 
board allows you to control an IBM 
PC/XT, PC/AT, or a compatible 


computer with voice commands. 
You can program the board to re- 
spond to as many as 500 commands 
and recognize as many as 64 voice 
patterns. The board converts voice 
commands to computer instructions 
in 0.2 sec. If you need more com- 
mands or voice recognition pat- 
terns, you can plug additional 
boards into your computer. You can 
store menus, submenus, and menu 
extensions having as many as 50 
commands per menu; you retain 
normal keyboard operation. To use 
the board, you need 64k bytes of 
memory. Including microphone, 
$599. 

Computer Peripherals Inc, 2635 
Lavery Ct, Newbury Park, CA 
91320. Phone (800) 854-7600; in CA, 
(805) 499-5751. 

Circle No 399 


RELAY BOARD 


@ Relay output board for the STD 
Bus 

@ Switches low-level signals, such 
as thermocouples 


The RLY-24 is a 24-channel relay 
output board for the STD Bus. You 
can use it to switch low-level signals 
such as thermocouples and analog 
inputs, and you can use it in such 
applications as gain-control circuits, 
where current leakage can be a 
problem. Other applications include 
switching nodes for automated test- 
ing, changing power-supply volt- 
ages, and use as an RS-232C multi- 
plexer. The board’s 2A, 250V relay 
outputs can operate either normally 
open or normally closed. Its con- 
tacts, rated at 250V ac or 220V dc, 
connect to circuits via a 50-pin head- 
er. Other features include selectable 
port addressing and 0.7A max 
power consumption. $265. 
Computer Dynamics Inc, 105 S 
Main St, Greer, SC 29651. Phone 
(803) 877-7471. 
Circle No 400 
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y these new handheld thermometers 
give the competition chills. 


The chance of finding thermometers that can 
match the new Fluke 50 Series for price 
and performance is like finding snowballs in 
August — slim to none. 

Take the dual-input Fluke 52. With its ex- 
clusive features, you can sequentially SCAN 
the readouts of two temperature inputs and 
their difference, and automatically RECORD 
—_—— | the minimum and maximum from any one 

UKE) 52 K/) THERMOMETER | channel for up to 1,200 hours. 

OSE : Or there's the single-input Fluke 51. Like 
the 52, it offers 0.1% accuracy and resolution 
to 1/10th of a degree with excellent repeat- 
ability. 

Both accept any standard J or K type ther- 
mocouple probe, and have offset pots for easy 
on-site calibration. Plus they're built to last. 
With a 3-year warranty, the longest in the 
industry. 

No wonder they give the competition chills. 
Starting at a cool $119, they're the hottest new 
thermometers on the market. 

They're on the shelves at your local supplier, 
SO get yours now. 

Or for more information, call toll-free 
1-800-227-3800, Ext. 229. From outside the 
U.S. call 1-402-496-1350, Ext. 229. 


FROM THE WORLD LEADER IN 
HANDHELD TEST INSTRUMENTS. 


sits nasa ene kaa 


ON/OFF 


bseogmieretrecnnere cencemsconcraicrs 


Fluke 51 Single Input Fluke 52 Dual Input 
Measurement range: K-type: — 200°C to +1370°C (—328°F to +2498°F) 
J-type: —200°C to +760°C (—328°F to +1400° 


Accuracy: K-type is +(0.1% of reading +0.7°C or 1.3°F) 


J-type is +(0.1% of reading +0.8°C or 1.4°F) 
°C or °F Selectable 


Hold Mode 

Scan, Differential, and Min/Max Recording Modes (52 only) 
Standard mini-connector input 

1200 hour 9V battery life 

3-year warran 


S-year warranty 
General-purpose K-type bead probe included (two with 52). 


IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100. 
EUROPEAN HEADQUARTERS: Fluke (Holland) BYV., P.0. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846. 
© Copyright 1986 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4708-50 
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COMPUTER-SYSTEM SUBASSEMBLIES 


HARD-DISK CARDS 80-msec average access speeds at 


; 5M- and 7.5M-bps transfer rates. 
© Furnish 20M to 60M bytes of Each board comes with software, 


e pita daistivid Rando soe: cables, and instructions.’ When 
age space power is on, the boards have be- 


tween 6 and 10g shock resistance; 
This family of hard-disk cards when power is off, their shock resis- 
ranges from the 20M-byte AT Back- tance is 50 to 60g. Using the compa- 
up DiskCard to the 60M-byte Hard ny’s Coalesce software, you can add 
DiskCard. The boards offer 60- to the 20M- or 30M-byte card to a 
computer that contains a hard disk. 


U 5 G N I x re 


together as one disk and provide as 
much as 144M bytes of hard-disk 

f you’re looking for excellence in 

igh Voltage Ceramic Capacitors... 


capacity. The company’s backup- 
disk card comes with Auto Disk- 
Save software, which lets you iden- 
tify backup files by date, time, 
archive bit, subdirectory, file name 
or groups of files, or any name com- 
bination using DOS wild cards. All 
Hard DiskCards include the DS 
Backup program. AT Backup Disk- 
Card, $449; Hard DiskCard, $1095. 

Express Systems Inc, 1254 Rem- 
ington Rd, Schaumburg, IL 60195. 
Phone (800) 341-7549; in IL, (812) 
882-7738. 
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DATA CONVERTER 


@ Stores 16,000 characters, or 127 
messages 

@ Has selectable rates of 110, 300, 
600, 1200, 2400, 4800, 9600 baud 


The USDCM/M (universal serial 
data-converter module with memo- 
ry) provides serial-to-parallel data 
conversion (20-mA current-loop, 
RS-282C, or RS-422A), and is pin- 
for-pin compatible with the compa- 
ny’s vacuum-fluorescent and dc- 
plasma display modules. It can 
address two display units either in- 


602-744-0400 Telex: (RCA) 299-640 dd : 
~ 602-744-0400 Telex: (RCA) 299-640 orton tijae Arcee So 
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You are looking at the source behind 
Tokin’s expanding EMC services. 


All technology at Tokin begins with basics, in the very standards. The EMC standards including the FCC, 


materials that make electronic progress possible. The CISPR and VDE, as well as the safety standards of the 
EMC product on the right is a direct beneficiary of that UL, CSA and VDE/TUV. 
slice of ferrite on the left. Achievements worthy of quiet satisfaction. 


This solid background in magnetic materials and de- 


vices coupled with an irresistible urge to move forward, 9 ANNOUNCEMENT: OPENING OF NEW LABORATORY IN U.S.A. 


ETCL (EMC Test and Component Laboratory) 


has made Tokin one of the premier exponents in the The EMC technical services available through our ETCL in San Jose, Calif. include measure- 

i j i ment and countermeasures conforming to international standards such as FCC and CISPR in 
war against electronic NoIse. me. e addition to Japanese and other standards, also the prototype development of EMC and 
Our EMI/EMC Power-line Filters and Data-line Filters Transformers/Inductors Components. For details contact Tokin America Inc. 


have achieved compliance with exceedingly strict 


GL-EP type MA type GL-F type SC-J type SU-Coil ST-Series DIP-Filter Filter ESD-R Bead ESD-FPL 
Capacitor type Inductors type 


Tokin Corporation 


Head Office: Hazama Bidg., 5-8, Ni-chome, Kita-aoyama, Minato-ku, Tokyo 107, Japan 
Tel.: Tokyo (03) 402-6166 Telex: 02422695 TOKIN J 


Tokin America inc. 

2261 Fortune Drive, San Jose, California 95131 U.S.A. Tel.: 408-946-4887 

You can reach our agents by phone: 

London 01-837 2701: Paris 1-45 34 75 35; Milan (0331) 678.058; Munich (089) 5164-0; Seoul (02) 777-5767; 
Taipei (02) 7311425; Hong Kong 3-315769; Singapore 747-8668; Sydney (2) 922-7566 
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NOE Stipa 


TransZorb Surface-Mount 
Transient Suppressor Squadron 


... J0 The Rescue!!! 


The industry’s first low-profile surface-mount silicon tran- nuclear EMP. And fortunately, they can easily be put in 
Sient voltage suppressors are winging your way from their place by most standard pick and place machines. 
General Semiconductor. Two models are available: the SMB series can dissipate 
Anywhere transients are a threat and space or production 600 watts during a millisecond pulse, while the SMC series . 
time are problems, these new TransZorb suppressors stand can handle 1500. Both are offered with voltage ratings from 
ready to help. They'll give your ICs, MOS devices, and other SV to 220V and can be supplied with wide “J” bend or 
voltage sensitive devices the complete transient protection gull-wing leads. 
they need and take up very little board space while doing it. Next time you’re threatened by transients, need to auto- 
They're faster than a speeding transient. They’re able to mate, or have a lack of board space, give Squadron Leader 
tame the quickest voltage pulses caused by induced light- Mamoon Rashid a call. He’ll brief you on our mission and 
ning, electrostatic discharge, inductive switching, and may even send a squadron your way for evaluation. 


TransZorb® is a registered trademark of General Semiconductor Industries, Inc. 


General 


Today's Top Flight : 
Surface-Mount Semiconductor 
Transient Suppressor 


Industries, Inc. 


SQUARE J) COMPANY 


2001 West Tenth Place + Tempe, Arizona 85281 + (602) 968-3101 » TWX 910-950-1942 
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COMPUTER-SYSTEM 
SUBASSEMBLIES 


tery-backed RAM stores 16,000 
characters, totaling as many as 127 
messages; modules can display 
these messages in response to com- 
mand sequences from your system. 
The board features selectable rates 
of 110, 300, 600, 1200, 2400, 4800, 
and 9600 baud, as well as a selecta- 
ble parity format. Individual card 
addressing allows one host output 
port to control as many as 127 con- 
verters via daisy chaining or in par- 
allel. The unit also has a D-submini- 
ature I/O connector and operates 
from 5V de at 300 mA. $152 (100). 
Delivery, four to six weeks ARO. 
IEE Inc, Industrial Products 
Div, 7740 Lemona Ave, Van Nuys, 
CA 91405. Phone (818) 787-0311. 
TWX 910-495-1707. 
Circle No 402 


PERIPHERAL BOARD 


® Communicates over serial I/O 
channels 

© Supplies digital and analog I/O 
lines 


Operating on RS-232C or RS-422/ 
485 serial communication lines, the 
MDL-16 data-acquisition board of- 
fers both analog and digital I/O 
lines. The board provides either 16 
single-ended or eight differential 
12-bit analog inputs as well as 11 
single-ended 8-bit analog inputs, 16 
digital input lines, and 16 digital 
output lines. Besides offering 12-bit 
resolution, the A/D converter has 
+¥%TLSB linearity and accuracy at a 
conversion rate of 10,000 samples/ 
sec. The board also supplies an 8-bit 
D/A channel. The RS-282C and RS- 
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A Full Range of 
ELECTRONIC ROTARY SWITCHES 
from low-level to power applications 


Interrupt Ratings: to 10 amps. Continuous Ratings: to 25 amps. 
Up to 48 Positions. Applications include: Communications Sy- 
stems... Computers & Peripherals... Test Equipment... Power 
Supplies ... Medical Electronics . . . Industrial Controls . . . etc. 
Available with: Special Contacting (encoded, shorting/non-short- 
ing, etc.); Special Terminals (PC mounts, solder & quick-connect); 
Dual Concentric Shafts; Key-operated; Spring-return; Field Ad- 
justable Stops; etc. 


ELECTROSW/TCH 
UNIT OF ELECTRO SWITCH CORP. 
180 King Avenue Weymouth, Massachusetts 02188 617/335/5200 « TWX: 710/388/0377 
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DID YOU KNOW? 


1986 marks EDN’s 


three decades of dedication to the 
electronics industry. 


EDIN 


COMPUTER-SYSTEM SUBASSEMBLIES 


422/485 serial ports transfer data at 
1200 to 19.2k baud. An RS-422/485 
twisted-pair network can link as 
many as 45 stations. The board also 
features a 16k-byte RAM buffer and 
programmable setpoints for analog 
inputs. Options include a switching 
power supply, a_ battery-backed 
real-time clock, a battery-backed 
RAM, and a 3800/1200-baud autoan- 
swer/autodial onboard modem. 
$449. 

The Automation Group Inc, 
848-0 Nandino Blvd, Lexington, KY 
40511. Phone (606) 252-6753. 
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VIDEO BOARDS 


@ Process 512X512-pixel mages in 
real time 

@ Provide an output for a 1024- 
pseudocolor palette 


The RTI-400 Series includes the 
PX-401V intelligent pipelined pixel 


CIRCLE NO 39 
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processor, the AS-401V analog sub- 
system for video inputs and out- 
puts, and two image-memory 
boards, the DS-401V and DS-441V, 
for machine vision and image pro- 
cessing. The PX401V is a 10-MHz, 
16-bit, pipelined pixel processor 
that performs arithmetic opera- 
tions, such as And, Or, and XOR, as 
well as conditional processing oper- 
ations. It also features a 12-bit mul- 
tiplier and a 16-bit look-up table for 
high-precision linear and nonlinear 
operations on 8- and 16-bit data 


streams. The AS-401V analog sub- 
system digitizes images to a 
512 x512-pixel resolution with 8-bit 
accuracy. The analog subsystem ac- 
cepts analog signals from as many 
as four devices, such as cameras or 
videocassette recorders. Input and 
output look-up tables provide point- 
processing operations and input-sig- 
nal correction. An output look-up 
table lets you select a 1024- 
pseudocolor palette from more than 
16 million colors. Two separate 
memory boards are available. The 
DS-401V stores one 512512x8-bit 
image; the DS-441V stores four. 
Both memory boards feature hard- 
ware pan and scroll on a per-pixel 
basis. A typical vision-engine sub- 
system consists of one AS-401V, 
one PX-401V, and three or four 
frame stores. The RTILIB/400 soft- 
ware is a real-time image-process- 
ing and machine-vision subroutine 
package that contains more than 300 
C-callable routines. PX-401V, 


atl VISIBLE 


DISPLAYS 


1, oon ) FEET 


Display sizes: 112”, 4”, 6”, 9”, 12”, 18” & 24” 


ENERGY SAVING: 
CJ Electromagnetic, bi-stable operation 
C) No bulbs to replace 


C1) Maintenance-free 


CJ Indication remains with power loss 
LJ Power used only to change display 
CJ) Use indoors or outdoors 


C -40°C to 75°C 


IDEAL FOR: 
CO Instrumentation 
OC Industrial controls 
CO Timing Devices 
CJ Toll Displays 
LJ] Metering Displays 
CJ Production Line Displays 


Call or write for full information 


“STAVER* 


P.O. Box H, Bay Shore, NY 11706 


516-666-8000 
TLX: 6711657 
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_ Casiochallenges you. . 
to find more power. At any price. 


The amazing Casio FX-4000P pro- alpha-numeric display scrolls to 79 divisions. This allows 10 different pro- 
grammable scientific calculator. In characters and its instant formula gramstobestoredatonce. 
power, it's compa- maa oo. replay feature lets And it includes up to 94 data 
rable to the most FX-4000P 15C 60 you review, edit and memories, which are invaluable for 
highly touted calcu- | Functions 160 116 124 replay your formula statistical analysis. 
lators on the market oe, pedi oi one oo at the touch of a Finding all this power at your 
today. Formula Replay Yes No No button. It even has fingertips is remarkable enough, let 
offersyou 7 * oa some __| an answer key that alone at half the price of some com- 
160 total functions, including 83 scien- _ stores your last computed value. petitors. If you can put your finger 
tific functions, such as hexadecimal/ And to make things still easier, ona scientific calculator that gives 
decimal/binary/octal conversions, the FX-4000P has a “perfect entry” you more power at any price, by all 
standard deviation and regression system, which allows you to enter and means buy it. 


analysis. display a formula exactly as written. 
: Making it easier to deal with Plus, it has a non-volatile 550 Cc ASi + 
long computations, its 12 character step program memory with 10 program Where miracles never cease 


Casio, Inc. Consumer Products Division: 15 Gardner Road, Fairfield, NJ 07006 New Jersey (201) 882-1493, Los Angeles (213) 803-3411 
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Ledex 
solenoids 


Simplify 
locking 
mechanisms 


Rotary 
Motion 


Lever ae 
Advantage A 


Armature 
lever 


oa Linear i. 
Motion 


Rotary 
Stroke 
Linear 
Motion 
Bolt 


Shaft bar 
link . 


Armature Linear 
drive pin > Motion—> 


Here are three of hundreds of 
possible design approaches to 
locking mechanism design 
using reliable, durable, 
economical, and easy-to- 
apply Ledex rotary and linear 
solenoids. Request catalogs. 


Ledex Inc. 

801 Scholz Drive 

Vandalia, Ohio 45377 USA. 
Phone: 513-898-3621 


“ —- 
DLEvDEX 
ee a ° 

helpful solenoid technology 
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COMPUTER-SYSTEM SUBASSEMBLIES 


$3495; AS-401V, $2995; DS-401V, 
$2495; DS-441V, $3495; RTILIB/ 
400 $1500. 

Recognition Technology Inc, 
335 Fiske St, Holliston, MA 01746. 
Phone (617) 429-7804. 
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CONTROLLER BOARD 


®@ Dual-hard-disk control 
@ SASI interface 


The SMC4202-SA dual Winchester 


disk controller board for the SASI — 


interface controls as many as two 
Winchester disk drives through the 
ST-506/ST-412 interface. It’s plug 
compatible with the SASI bus. 
Based on the SMC HDC9224 uni- 
versal disk controller and the SMC 
HDC9226 digital data separator, 
the board provides data error detec- 
tion and correction to ensure data 
integrity. The board also provides 
adjustment-free onboard data sepa- 
ration, selectable write precompen- 


_ sation, and DMA transfer capabili- 


ty. $195. 

Standard Microsystems Corp, 35 
Marcus Blvd, Hauppauge, NY 
11788. Phone (516) 273-3100. TWX 
510-227-8898. 
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TRANSFER DRIVE 


® Has 12.29M-byte/sec transfer 
rate 

® Lets you connect 4- or 5-channel 
parallel-data transfers 


The M2860A 689M-byte parallel- 
transfer drive is a 10%-in. disk 
drive that has a 12.29M-byte/sec 
transfer rate, an 18-msec position- 
ing time, and 1-, 4-, or 5-channel 


data transfer. Using rotational syn- 
chronization, all M2860A drives con- 
nected to a controller act as a single 


drive, thereby increasing the effec- 


tive data-transfer rate of the disk 
subsystem. You can connect as 
many as eight M2360As in a star- 
burst or daisy-chain configuration. 
You can also connect 4- or 5-channel 
parallel-data transfers by setting a 
switch on the maintenance panel. 
$19,000 (OEM qty). | 

Fujitsu America Inc, 3055 Or- 
chard Dr, San Jose, CA 95184. 
Phone (408) 946-8777. TWX 910- 
338-2193. 
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VME CPU BOARD 


® Offers a 68000 or 68010 wP 
@ Includes assembler/disassembler 


Incorporating 68000 or 68010 pro- 
cessors, the CPU-6 series offers 
512k bytes of dedicated onboard dy- 
namic RAM that permits zero-wait- 
state operation at 8 MHz and 1- 
wait-state operation at 12.5 MHz. 
All software that executes on the 
manufacturer’s CPU-1 computer 
also runs on the CPU-6 series with- 
out modification. Four 28-pin 
JEDEC sockets accommodate high- 
density 27512 EKPROMS or byte- 
wide static RAMS. The EPROMS 
supply as many as 256k bytes of 
user and system memory. Three 
RS-232C serial ports and one paral- 
lel port accommodate external I/O 
devices. The computer includes 
firmware that supplies a 16k-byte 
monitor and a line-at-a-time assem- 
bler/disassembler. $1845. 

Force Computers Inc, 727 Uni- 
versity Ave, Los Gatos, CA 950380. 
Phone (408) 354-8410. 
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writing either 
tten in or read 


| Apractical altemative, the HY93C46 is available now. And Hyundai 
Hyundai’s HY93C46 is fabricated in floating-gate CMOS EEPROM: is as near as your telephone. | 


technology for low power consumption, and operates on a single To find out how you can obtain free samples and technical 


5V supply. The programming voltage is generated on-chip and information, call one of our sales offices listed below. 
controlled by internal logic. 


HYUNDAI 
SEMICONDUCTOR 


© REGIONAL SALES OFFICES: CALIFORNIA (408) 986-9800; ILLINOIS (312) 860-6406; MASSACHUSETTS (617) 239-8015; * REPRESENTATIVES: ALABAMA/GEORGIA/CAROLINAS/TENNESSEE, CSR 
Electronics, (404) 396-3720; ARIZONA, Sanford Sales, (602) 957-3570; CALIFORNIA, Straube Associates, (415) 969-6060; Wiley Co., (213) 666-1611, COLORADO/UTAH, Elcom, Inc., (8303) 
337-2300; CONNECTICUT/MASSACHUSETIS, Gerald Rosen Co., (617) 481-9277; FLORIDA, EIR, Inc., (305) 660-9600; N. ILLINOIS/S. WISCONSIN, Heartland Technical Marketing, (312) 577-9222; 


INDIANA/KENTUCKY/MICHIGAN/OHIO/W. PENNSYLVANIA, Giesting & Associates, (513) 385-1105; IOWA, J.R. Sales Engineering, (319) 393-2232; KANSAS/S. ILLINOIS/MISSOURI/NEBRASKA, Advanced 
Technical Sales, (913) 782-8702; MARYLAND, Walker-Houck Associates, (301) 356-9500; MINNESOTA/DAKOTAS/N. WISCONSON, P.S.I., (612) 944-8545; NEW YORK, Phase Four Technical 


Reps, (516) 482-1790; Labtronics, Inc., (315) 455-7314; E. PENNSYLVANIA, Denco Electronic Components, (215) 630-8990; CANADA, Gidden-Morton Associates, Inc. (416) 671-8111. 
WASHINGTON /OREGON, Quest Marketing Inc., (206) 747-9424; TEXAS, Technology Sales, (214) 437-5881 
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Getting A DMM? 


When you invest in a Keithley 
DMM, you're getting the 
benefit of 40 years of experi- 
ence in sensitive electronic 
measurements. You're also get- 
ting extended capabilities—at 
an affordable price—made pos- 
sible by the latest advances in 
solid-state technology. 

That's not all. Only Keithley 
has trend recording and digital 


LI $595 


Model 197 Autoranging Microvolt DMM 
L) 5% digits, 220,000 count display 

L) IpV, 1mQ, 1nA sensitivity 

L] Data logger, relative reference, dB 

L] Analog & IEEE-488 output option 


calibration in a bench/ portable 
DMM. Keithley’s exclusive 
TRANSLATOR software in 
the Model 193 system DMM is 
a powerful tool for simplifying 
your IEEE-488 programming. 

From basic bench measure- 
ments to sophisticated systems 
applications, a Keithley DMM 
can match your measurement 
needs and budget. 


L] $439 


Model 193 System DMM [3% to 6% digits 1) 2,200,000 counts 
L] Up to 1000 readings/second L] TRANSLATOR software 

L] 9 measurement functions L] 500 reading memory 

L] Low frequency AC L] Programmable power-up states 


L] $2100 
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KNOW WHAT 
YOU'RE GET 


Contact the Product Infor- 
mation Center at the address 
below or at (216) 248-0400 for 
technical information, FREE 
programming guides, or to 
order a 175, 197, or 193 fora 
20-day FREE trial. And know 
what you're getting in your 
next DMM. 

Keithley Instruments, Instru- 
ments Division, 28775 Aurora 
Road, Cleveland, Ohio 44139. 
Phone: (216) 248-0400. 


Model 175 Autoranging DMM 

L] 4% digits 

_] Data logger, relative reference, dB 
|] IEEE-488 interface option 

_] Rechargeable battery pack option 


SENSE OHMS 


NEW PRODUCIS 


INSTRUMENTATION & POWER SOURCES 


ar © PEGS SYSTERS wo ree ren 


FOR SyRTERMS ALT RAE FEB 


SYSTEM DMM 


® Captures 1500 readings/sec 
® Can generate 300 readings/sec 


The 7061 system digital multimeter 
provides dec measurements to 77%- 
digit resolution and measurements 
to 6% digits for all other functions. 
It can capture 1500 readings/sec in 
an internal memory that has a ca- 
pacity of 8000 readings, and it can 
generate 300 readings/sec on the 
IEEE-488 bus. Response time to an 
external trigger is <3 msec; the 
instrument signals an alarm in 1 
msec. The instrument will track 
measurements against a preset 
input level and record measure- 
ments before and after the trigger 
event. A math and statistics pack- 
age can then format results. A ratio 
function lets you compare a mea- 
surement to any other measure- 
ment. DC voltages from 100 nV to 
1000V are measured to an accuracy 
of 0.0005%. A true rms ac function 
provides readings from 1 to 750V 
over a 10-Hz to 500-kHz bandwidth 
with 10-to-1 crest-factor capability. 
Other measurement functions in- 
clude ac/de current, ohms, and 
temperature. A built-in scanner op- 
tion houses 16 channels in addition 
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to the main and reference inputs. 
The meter can scan all 18 channels 
in any sequence at a rate of 300 
channels/sec. $2795. 

Solartron Instruments, 2 West- 
chester Plaza, Elmsford, NY 10523. 
Phone (914) 592-9168. 
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SCOPE CAMERA 


e Handheld or bezel mounted 
e F-stops from f3.5 to f16 


The Model 7000 scope camera at- 
taches to oscilloscopes, test 
instruments such as logic analyz- 
ers, and computer terminals as 
large as 12 in. (diagonal). The device 
can be handheld or can be bezel 
mounted on most oscilloscopes when 
used with specific bezel adapters. 
The device uses B&W or color Po- 


laroid film. It includes a variable 
shutter control from 1/125 to 1 sec 
plus B (bulb flash time), and f-stops 
from f8.5 to f16. When mounted, 
you can swing the camera to either 
side to allow yourself an unob- 
structed view of the display. $484, 
including hood. 

Soltec Distribution, Box 818, 
Sun Valley, CA 91353. Phone (800) 
525-5554; in CA, (818) 764-5400. 
TLX 4943094. 
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DS-1 TESTER 


@ Monitors without interrupting 
service 
e Has built-in sine-wave oscillator 


When equipped with the Option 2 
PCM channel-access receiver, the 
Model 100P analog-transmission 
test set can monitor any in-service 
T-carrier DS-1 line without inter- 
rupting service. You can use a 
switch to monitor the repeater’s 
low-level input or high-level output 
signal for decoding. The Option 2’s 
diagnostic section shows the status 
of the bit stream; you can isolate an 
individual channel by means of 
thumbwheel selection. The Option 2 
includes a 4-digit counter to count 
frame errors and bipolar violations. 
Once decoded, you can feed the 
channel’s demuxed output into the 
100P, which meets the specifica- 
tions of Bell Technical Reference 
PUB 41009 and can measure noise, 
notched noise, noise-to-ground val- 
ues, and frequency. The 100P is 
portable and has a built-in sine- 
wave oscillator. A talk-dial hold cir- 
cuit is provided to allow you to dial 
and hold a voice circuit when mak- 
ing noise or net-loss measurements. 
Model 100P with Option 2, $2400; 
Option 2 only, $1050. | 
Design Development Inc, 1440 
Atteberry Lane, San Jose, CA 

95131. Phone (408) 946-6770. 
Circle No 410 


259 


Environments Generated and 
Controlled...Choose from 
Tenney’s wide range of 
environmental test chambers 


@® Temperature 

@ Temperature/humidity 
@ Temperature /Altitude 
@® Thermal Shock 
® 
@ 


@ Space simulators | 
@ Vacuum ovens | to Eten 
®@ Autoclaves  . 

@® Explosion 
@® Burn-in 


AGREE 
CERT 


Tenney has been generating and controlling 
these environments in confined work spaces of 
all sizes for over a half century. 

Why not contact Tenney when specifying 
your next environmental test chamber. 


Send for Free 
Short Form Catalog 


The Largest and Most Experienced Manufacturer 
of High Technology Environmental Test Equipment 


CTUME 


ENGINEERING, INC. 


See Us At Midcon/86 Booth #327 
1090 Springfield Road, Union, New Jersey 07083 @ (201) 686-7870 
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Finally—a solid-state 
airflow switch 

with the features 
you want. 


No more thermal management problems. Because Warren GV has 
designed a PC board-mounted, solid-state airflow switch with 
efficiency built in standard models where you need it the most. 


Our new, low-profile TO-3 unit operates on a 5.00 VDC supply, with 
a wide range of velocity settings available: 50 FPM to 1500 FPM. It 
offers low-power dissipation, high switching capability of IOOMA 
standard, plus greater sensitivity. And, it’s environmentally protected, 
ambient compensated and not pcsition sensitive. 


For complete technical data, call or write us today. 


101 Okner Parkway 
Livingston, NJ 07039 ® (201) 992-6200 
CABLE WARRENCOM LVON 

TWX: 710 994 4852 


WARREN 
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INSTRUMENTATION 
& POWER SOURCES 


3’2-DIGIT DMM 


@ Measures to 1000V dc, 750V ac, 
10A ac/dc, 2 MQ 
@ Features autoranging option 


The Model 9370 digital multimeter 
offers autoranging or manual selec- 
tion of voltage and resistance 
ranges. The device measures to 
1000V de (five ranges); 750V ac 
(four ranges); 10A ac and de (two 
ranges); and 2 MO) (five high-power 
and four low-power ranges). The 
memory mode provides as many as 
99 counts of zero offset. Low- and 
high-energy fusing are also fur- 
nished. Basic accuracy is 0.5%. In- 
cluding a 9V battery and color- 
coded test leads with screw-on 
alligator clips, $59. 

Mercer Electronics, 859 Dundee 
Ave, Elgin, IL 60120. Phone (812) 
697-2265. 
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SCOPE DIGITIZER 


@ Works with IBM PC 
® Generates an NTSC-standard 
RS-170 signal 


The Digitizing Camera System 
(DCS) digitizes traces of analog os- 
cilloscopes at 1 GHz. The device 
connects to the oscilloscope bezel 
like a conventional CRT camera. 
The system’s video camera reads 
the light given off by the CRT and 
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_._ -Lightyears ahead -. 


ae <-- ©DC-DCConverters =~... x 
: SSst. €25-40 Watts -. |. , 
= _* .  @Singles, duals,triples* 
a .» *" @19-35V or 39-64V input 
Ss. ae @Parallelable 
» Ultra reliability , 
MTBF 2,000,000 Hrs) ee 
@ — 45°C to +85°C y - a 
_ without derating . ee 
@ Isolated and nonisolated ~ ) 
versions available __. ‘ce 
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transmits a video signal to a pc 
board, which plugs into an IBM PC, 
for A/D conversion and storage. The 
board permits the PC to manipulate 
and analyze data. The instrument 
can capture repetitive signals at the 
bandwidth of any analog oscillo- 
scope; it captures transient events 
as high as two-thirds the analog 
bandwidth. The camera generates 


an NTSC standard RS-170 signal. A — 


software package provides wave- 
form graphing and analysis as well 
as menus. The instrument is com- 
patible with MS-DOS (version 2.1 or 
greater). $5395 (without IBM PC). 
Delivery, four weeks ARO. 
Tektronix Inc, Marketing Com- 
munications Dept, Box 1700, 
Beaverton, OR 97005. Phone (800) 
547-1512; in OR, (800) 452-1877. 
Circle No 412 


POWER SUPPLIES 


@ Family includes four program- 
mable supplies 
@ 160W in 5%-in.-high rack 


The HP 6621A (two 20V, 80W out- 
puts), HP 6622A (two 50V, 80W 
outputs), HP 6628A (one 80W and 
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two 40W outputs), and HP 6624A 
(four 40W outputs) system power 
supplies all incorporate several sup- 
plies and programmers, a scanner, 
current-monitor shunts, and a DVM 
into one package. Each model has 
160W in a 5%-in.-high, full-rack- 
width package with two, three, or 
four isolated outputs. The four mod- 
els offer different combinations of 40 


TOUCH 


At EMS, the quality 
and reliability of our 
TOUCH products is 
achieved at alow cost. 


Rack-mount TID 


Custom Touch Panel 


Coming Soon: 
Color Touch and 
Flat TID 


Explore your future in TOUCH, 
call our sales representatives at: 


(217) 359-7125 or 
FAX (217) 359-2075 


CIRCLE NO 54 


EXPLORE YOUR POO RS IN” 


Electro Mechanical Systems « 801 W. Bradley Ave. * Champaign, IL 61820 


and 80W outputs. Each supply has 
two full-power output ranges. Con- 
sequently, each output of the 6621A 
is rated at 20V max. And each can 
source as much as 4A at 20V and 
source as much as 10A when operat- 
ing below 7V. Ten registers store 
preset output: values, reducing the 
number of commands needed for 
repetitive programming. Appropri- 


Desktop TID 


The Touch Information Display 
(TID) functions as a standard ASCII 
terminal or PC compatible 
monitor. Both are available in a 
rugged metal desktop or rack- 
mount housing, suitable for both 
public and industrial environ- 
ments. 

The 12” monochrome TID Ter- 
minal and Monitor communicate 
through an RS-232 or optional RS- 
422 port. (Monitor accepts RS-170 
composite video input) With the 
Terminal, an optional feature is 16 
pages of downloadable display 
memory. | 

Customized touch panels are 
available for OEM applications. 

Let EMS be your partner in 
TOUCH. The quality of our prod- 
ucts is only the beginning of our 
commitment to customer support. 


Tomorrow's TOUCH, Today. 


EMS 


TOUCH 
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. Manufacturer's Suggested List Price $3,900. 


We put fundamentals together in new ways 
to make things remarkably better. 


We compared apples and oranges in a brand 
new way, to create a better power supply. 

For two years, our R&D engineers reviewed 
everything known about the technology and 
use of high-power, phase-controlled, dc 
power supplies, to learn how to make one 
that would better suit all your applications. 

We discovered that many accepted 
engineering fundamentals needed to be 
rearranged to improve performance. 

The result is our new DCR-T Series. 3-phase 
input, regulated dc high-power supplies, with 
unique power ranges that save you money, 
and performance features simply not available 
elsewhere. Includes resistive and voltage 
remote programming of V, | and OVP, and 
compatibility with Sorensen IEEE 
programmers. Remote inhibit, OVP 
shutdown, and current drives for remote 
meters and all panel indicators are 
standard. There's even a circuit that senses 
open remote programming lines and 
prevents the product under burn-in from 
becoming a burn-out. 

There will be nine 10-kKW models of the DCR-T, 
from 0-8 Vdc to 0-600 Vdc and 16 Adc to 
900 Adc. Comparing them with other power 
supplies is harder than comparing apples 
and oranges, because the DCR-T is a whole 
new form of life. 


For more information contact: 
Sorensen Company, 676 Island Pond Road 
Manchester, NH 03103 USA (603) 668-4500 


A Raytheon Company 
CIRCLE NO 229 EDN September 4, 1986 


INSTRUMENTATION & POWER SOURCES 


ate connections allow parallel or se- 
ries operation for increased voltage 
or current. HP 6621A and 6622A, 
$2700; 6623A, $3200; 6624A, $3700. 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94808. 

Phone local office. 
Circle No 413 


SYNCHRO CONVERTERS 


@ Provides as much as 25 VA 
@® 14-, 12-, or 10-bit resolution 


This series of high-power digital-to- 
synchro converters with 14-, 12-, or 
10-bit resolution can provide as 
much as 25 VA. The devices can 
drive torque receivers with an accu- 
racy of +10 minutes of are while 
maintaining immunity to any over- 
load and transient conditions. These 
400-Hz units will accept a 14-bit 
binary angle and convert it into 
8-wire synchro or 4-wire resolver 
signals. The output is protected 
against short circuits, thermal over- 
loads, and transients. During any 
overtemperature condition, the 
power stages are automatically shut 
down. A digital fault indicator is 
also provided. Output voltages are 
90 or 11.8V rms line to line (60 or 
400 Hz). Digital inputs are TTL 
compatible; the synchro output is 
transformer isolated in most mod- 
els. The devices operate over 0 to 
70°C or —55 to +85°C. Less than 
$895. 

Computer Conversions Corp, 6 
Dunton Ct, East Northport, NY 
11731. Phone (516) 261-3300. TWX 
510-226-0448. 

Circle No 414 
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LAB SUPPLIES 


@ Provide 80 or 160W ratings 
@ Offer 0 to 80V outputs 


The Model PAR 80A has an 80W 
output in four voltage ranges: 0 to 8, 
16, 35 and 80V. PAR 160, a 160W 
unit, has ranges of 0 to 16, 35, and 
80V. Noise and ripple level for both 
devices is 300 pV rms. Transient 
response is 50 msec. The supplies 
indicate both current and voltage 
simultaneously on dual digital dis- 
plays. The output voltage is con- 
trolled with both coarse- and fine- 
adjustment potentiometers for 
precise settings. You can program 
constant current or constant voltage 
with front-panel controls, or from a 


control board. The units measure 


140x145 x350 cm (80A) and 140x 
145x400 cm (160A). PAR 80A, 
$995; PAR 160A, $1250. 

Kikusui International, 17819 S 
Figueroa, Gardena, CA 90248. 
Phone (800) 421-5384; in CA and 
AK, (218) 371-4662. 

Circle No 415 


MAC INTERFACE 


@ Uses PC/AT-compatible expan- 
sion cards 
© Performs 16-bit transfers 


The Macbus mainframe and sup- 
porting software provide a _ pro- 
grammable I/O processor and allow 
the use of PC/AT-style expansion 
cards with a Macintosh Plus person- 
al computer. The Macbus is a pP- 
based data-acquisition and instru- 
mentation-control mainframe with 


New 
Instruments 


y.P-based Programmable 
E/I de Calibrator 


Model 520/A 


The Model 520/A is micro-processor based and 
is compatible with IEEE-488, (GP-IP). 


The height is only 32 inches, features current 
mode outputs from 10 nanoampers (nA) to 110 
milliampers (mA), in 2 ranges, with extraordi- 
nary compliance of 100 Vdc. Even with this 
power, ideal for transducer instrument test- 

ing (4-20 and 10-50 mA), the accuracy is 

+ 0.005%! 


The voltage mode has 3 ranges with outputs 
from 100 nV to 110 Vdc and optional to 1100 
Vdc. Compliance current is 100 mA. The one 
year accuracy is + 0.002%. 


All ranges and both modes resolve to 1 ppm. 
A crowbar zero provides a reference for this 
essential value. 


Availability: 60 days. 
Price: $2,895. 1000V option $895. 


GSA contract GSOOF-86293 


Engineering Contact: Bob Ross 
Tel: (617) 268-9696 CIRCLE NO 184 


AC Voltage Reference System 
Remotely Controlled Multiple Output 


System 408 


1 to 8 AC Voltage outputs independently and 
remotely controlled, variable and simultaneous 
ina single 54” high chassis. 


A phase angle of 0° and 180° is also 
programmable. 


All functions programmed via IEEE-488 
(GP-IB) interface bus. 


Some applications: Synthesize linear velocity 
sensors, simultaneous calibration of multiple 
instrumentation and data logging systems with- 
out multiplexing delays. Simulation of trans- 
ducers. For design, evaluation and calibration 
of acceleromters, amplifiers, A/D converters, 
digital and analog meters. 


Specifications include: Range: 10 mV to 30 Vac 
resolved to 1 mV. The compliance current is: 
50 mA. The accuracy is: + (0.05% of setting 
+ 15 mV). Output frequency (synchronized to 
an external sine wave stimulus): at a selected, 
fixed frequencies between 10 Hz and 400 Hz. 


Price: Main frame: $3,995 
Output modules: $895/each 

Engineering Contact: Bob Ross 

Tel: (617) 268-9696 CIRCLE NO 223 


ELECTRONIC DEVELOPMENT CORP. 
11 Hamlin St., Boston, MA 02127 

Tel: (617) 268-9696 

TLX: 951596 (ELECDEVCO BSN) 

RCA TLX 240 895 (EDC UR) 


265 


INSTRUMENTATION & POWER SOURCES 


five IBM PC/AT-style card slots ca- 
pable of 16-bit transfers. Two slots 
are occupied by a pC card and an 
SCSI interface, which is the com- 
munications link to the Macintosh 
Plus. The manufacturer’s GPIB- 
V50 wC card performs real-time 
data acquisition and instrument con- 
trol. You can install an optional 
8-MHz numeric coprocessor on the 


266 


card. The operating system, con- 
tained in EPROM on the wC card, is 
a version of the manufacturer’s 
IBCL (Instrument Bus Control 
Language). The software package 
that runs on the device provides 
support for the Macbus hardware 
unit as well as the IBCL operating 
system and the interactive IBCL 
programming language. Included in 


CIRCLE NO 57 


the software package are the com- 
pany’s IEEE-488 bus Interactive 
Control utility, an IKE E-488 instru- 
ment-configuration utility, and a 
software driver for communication 
with the Macbus hardware unit via 
the SCSI bus. Mainframe, $1495; 
software, $200. 

National Instruments, 12109 
Technology Blvd, Austin, TX 78727. 
Phone (800) 531-4742; in TX, (800) 
433-3488. TLX 756737. 

Circle No 416 


ETHERNET TESTER 


@ Checks Ethernet transceiver 
© Offers reflectrometry function 


The Experdata E20 Ethernet trans- 
ceiver tester is a portable tool that 
also checks all physical elements of 
an Ethernet local-area network 
(LAN). You can check for conform- 
ance to Ethernet version 1.0, 2.0, or 
802.3 standards, measure traffic on 
the network, and simulate different 
types of traffic. You can use one 
tester to check a transceiver before 
it is installed on a network; all the 
transmit, receive, and collision-de- 
tect functions are tested including 
the jabber and heartbeat functions 
as defined in the 802.3 standard. 
You can also test the transceiver for 
correct transmit and collision-detect 
signal levels. In addition, the device 
provides output connectors for dis- 
play of transceiver-signal timing on 
an oscilloscope. You can use two 
E20s on the network to perform 
echo tests for verifying frame trans- . 
mission and reception between two 


_nodes; collision tests to verify re- 
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Mizar opens a new frontier 
of VME : 


design capabilities 
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mote collision detection; line quality 
tests to establish a bit error rate for 
the network; and round-trip delay 
measurement. The instrument also 
provides a reflectrometry function 
to identify the location of cable 
problems on Ethernet. $4500. 

TITN Inc, 5591 W “78th St, 
Edina, MN 55435. Phone (612) 944- 
5440. TLX 298122. 


MOLDED PLASTIC NAMEPLATES 
Bright Ideas for Outstanding Product Identification 


Eye-appeal, economy and durability... .three 
important reasons why leading manufacturers 
in ever-increasing numbers are using Molded 
Plastic Nameplates by Douglas. 

Choose from a spectrum of colors... bright and 
breezy, or subdued and stately. High impact 
strength and excellent weatherability, they will 
sell your name every day your products are in 
use. 

Samples and Literature on Request. 


= D O al a LAS CORPORATION 


620 12TH AVE. SO., MINNEAPOLIS, MN 55415 (612) 333-8911 


WE HELP YOUR PRODUCTS STAND OUT FROM THE CROWD! 
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@ Has an 8000-character data 
buffer 


ANY WAY 
YOU NEED IT! 


A THERMOSTAT 
IS A THERMOSTAT... 
YOU'RE RIGHT! 


It’s how you use it that makes it 
special. 


At Canadian Thermostats, we 
know that thermostats should be 
designed around your needs, you 
shouldn’t have to design your 
needs around a thermostat. 


We can offer you Microtherm’s 
high quality, customized thermal 


protectors for all your requirements. 
A wide range of options for just 
about every type of application that 
requires thermal protection, current 
limiting, etc. 


For more information, contact: 


CANADIAN THERMOSTAT & 
CONTROL DEVICES 

8415 MOUNTAIN SIGHTS AVENUE 
MONTREAL, QUEBEC H4P 2B8 


TEL: (514) 739-3274 
TLX: 05-825619 


CIRCLE NO 59 


e For IEEE-488 and Centronics 
conversions 


The Parallel 488 GPIB interface can 
convert from IKEE-488 to Centron- 
ics and from Centronics to IKEE- 
488. It features an 8000-character 
data buffer. As a Centronics-to- 
IEEE-488 converter, the Parallel 
488 enables a personal computer to 
control an IKEE-488 printer or 
plotter through the computer’s par- 
allel printer port. The computer 
generates data as if a parallel Cen- 
tronics device were present. The 
device transfers this data by per- 
forming the appropriate IEEE-488 
bus addressing and protocol. Alter- 
natively, as an [EEE-488-to-Cen- 
tronics converter, the device trans- 
fers data received from an 
IEEE-488 controller to a Centron- 
ics parallel printer or plotter. $495. 
IOtech, 23400 Aurora Rd, Cleve- 
land, OH 44146. Phone (216) 439- 

4091. 
Circle No 418 
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¢ Trip indicator warns 
of a possible circuit 
problem. Choice 

of red or white. 


e250" quick-connect terminals 
make wiring easy. 


e Special molded clips snap securely 
into standard %" panel cutouts. 
No redesign or repunching. 


e Variety of bezel and 
button colors permit 
color coding of circuits. 
Ideal for convenient up front 
control panel location. 


P&B’ S new snap-in circuit breakers 
end fuse replacement worries. 


Our W28 series thermal circuit breakers fit the same cutout 

as many %" fuseholders. And from 0.25 through 15 amps these 
UL recognized and CSA certified breakers do the same job as 
fuses. Only better. When the W28 trips, an indicator pops out to 
warn of a possible circuit problem. After the trouble is located 
and corrected, the W28 can be reset by simply pushing a button. 
But it can't be pulled out to disconnect the circuit. 


Easy To Install. Wherever you presently use glass cartridge 
fuseholders, W28s can replace them without panel redesign or 
repunching. Think about putting them out front. That way they're 
easily accessible and their attractive appearance will add to 
your product's appeal. W28 breakers can be prewired and then 
snapped securely into the panel from the front. 


Helps Sell Your Product. For everything from home enter- 
tainment equipment to medical instruments to industrial test 
gear, W28 breakers add selling points to your product. Good looks. 
The convenience of not searching for fuses. Protection against 
improper fuse rating substitutions. And they save the cost and 
trouble of maintaining a fuse inventory. 


Write For Our Catalog. Find out about the economical W28 

and our full line of magnetic and thermal circuit breakers. They're 

available off-the-shelf from authorized P&B distributors backed 

by our sizable factory inventory. Or contact your local P&B sales 

representative. Potter & Brumfield Inc., 200 South Richland Creek 

Drive, Princeton, Indiana 47671-0001. one 
Call toll free 800/255-2550. 


Potter & Brumfield A Siemens Company 


CIRCLE NO 230 
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Micron Technology: 
Quality you can verity. 


Talk Is Cheap 

We don’t just talk about quality at Micron Tech- 
nology. Since 1984 we've instituted specific verifi- 
able improvements in production procedures, test 
systems and product tracking that make Micron 
DRAMs stand above the competition. 


Fabrication And Assembly 

Micron parts are now produced on DESC- 
certified Class 10 fab lines, meeting high military 
standards. Large production capacity and auto- 


NEW MICRON PRODUCT GUIDE 
Call today to receive our new color 

Product Guide. Product data sheets 

available on request. 

(208) 386-3900 


270 


CIRCLE NO 187 


mated on-site assembly ensure Micron’s ability to 
fill fast-turnaround customer orders without 
compromise in production quality. 


Test And Burn-in 

Micron’s on-site test program is the most strin- 
gent in the industry. Our development in 1985 of 
the AMBYX™ Test and Burn-In System allows 
large-scale monitored burn-in with simulated sys- 
tem level operation. The AMBYX™ System also 
provides extended system level soft error testing, 
extended test time for data retention and tem- 
perature ramp testing for package defects. You 
just won't find a more verifiable test program. 


Product Tracking 

In 1985 Micron set up a QA Quarantine Pro- 
gram to guarantee that each lot passes environ- 
mental and electrical testing , 
as well as burn-in before any | | PRODUCT 


part is shipped. To keep track | 
of product identity all the | ee oe 


way to the end user we now | 
laser mark the lot COde ON iemsssmmnsmsessmsss: 
each part. This procedure wields somplets 
accountability through process steps, machines, 
even individual operators. 


Customer Service 

Quality doesn’t end with a good product. Mic- 
ron supports a worldwide network of knowl- 
edgeable representatives, and our engineering 
staff backs them up with responsive application 
assistance. ) 

At Micron we've worked hard to give quality a 
real meaning, in our products and in our service. 
We'll continue working to provide the real quality 
you need. 


MICRON 2 


America’s DRAM Supplier 


2805 E. Columbia ¢ Boise, ID 83706 * TWX 910-970-5973 © (208) 386-3900 
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MIL-STD RELAYS 
@ Meets MIL-R-6106J specs 

@ Available for 10A, 28V dc or 
115V ac, 400 Hz 


Measuring 20.6 x 10.4 16.3 mm and 
weighing 16g each, M215 Series re- 
lays have a single-pole changeover 
contact with a resistive-load contact 
rating of 10A at 28V de or 115V ac, 
at 400 Hz. The relays also handle 
fault currents as high as 150A for 
0.53 sec. The relays meet MIL-R- 
6106J requirements, and versions 
are available with nominal coil-oper- 
ating voltages of 6, 12, or 28V. The 
28V coil version is also available 
with voltage-spike suppression as 
high as +42V. When the relays op- 


~ INTERNATIONAL 


erate at their nominal coil voltages, 
their operate-and-release time is 6 
msec; the maximum contact-bounce 
time is 1 msec. The minimum life- 
time at full-rated resistive load is 
50,000 operating cycles, but by de- 
rating to 25% of rated load you can 
achieve a lifetime of 200,000 cycles. 
The operating-temperature range is 
—70 to +125°C. The relays are com- 
patible with 10A thermal circuit 
breakers and are available in estab- 
lished-reliability or high-reliability 
versions. DM 200. 

LRE Relais & Elektronik 
GmbH, Linprunstrasse 16, 8000 
Munich 2, West Germany. Phone 
(089) 523020. TLX 522190. _ 

Circle No 419 


REGULATOR 


@ Accepts 18 to 30V inputs 
© Provides 12 or 13.8V, 8A output 


Designed to supply power to elec- 
tronic equipment in mobile vehicles, 
the SR100-24/12 switching regula- 
tor accepts an input voltage in the 
range of 18 to 380V dc and provides a 
regulated 12 or 18.8V dc output. 
The output has a maximum continu- 
ous-current capability of 8A and a 
power rating of 100W. Overall effi- 
ciency of the regulator is between 
80% and 90%. The output features 
overvoltage protection (at 15V typ) 
and current limiting (at 130% typ). 
A 7.5A in-line fuse in the positive 
line protects the input, and a nonre- 
versible plug with input, output, 


EDN September 4, 1986 


and common-negative line functions 
makes connections. Input ripple is 
<50 mV and output ripple is <20 
mV. The output regulation for full- 
line and load variations is <1%. £48 
(100). 

Avel-Lindberg Ltd, South 
Ockendon, Essex RM15 5TD, UK. 
Phone (0708) 853444. TLX 897106. 

Circle No 420 


IEEE-188 CONTROLLER 


@ Runs OS9 operating system 
@ Accommodates 20 prioritized 
tasks 


Designed around an 8-MHz 68000- 
based CPU card, the Condor 68 
IEEE-488 system controller runs 
the OS9 real-time, multitasking 
operating system and accommo- 
dates as many as 20 prioritized 
tasks. The controller can function as 
an IFEE-488 talker/listener, de- 
vice-addressing, and interface-com- 
mand unit, and it includes serial- 
and parallel-poll capabilities. You 
ean call a library of control routines 
for the IEEE-488 interface from 
any of the controller’s programming 
languages. Six RS-282C/RS-422 in- 
terfaces allow you to connect opera- 
tor terminals, or to network the 
controller with a host computer. 
The unit incorporates 512k bytes of 
RAM (expandable to 896k bytes) 
and two 1M-byte, 3%-in. floppy-disk 
drives. You can replace one of the 
floppy-disk drives with a 10M-byte 
Winchester drive. Additional I/O 
ports include a Centronics-compati- 
ble parallel port and a general-pur- 
pose, 8-bit bidirectional I/O port. 
Internally, you can expand the con- 
troller’s capabilites with single- 
Eurocard plug-in boards. Available 
plug-in boards include additional 
memory cards, extra IEEE-488 in- 
terface cards, a PROM-programmer 
eard, and a high-resolution mono- 
chrome or color graphics card. 
Standard software includes the 
OS9/68K operating system and the 
Basic-09 programming language. 
The Testmatch, Pascal, and C lan- 
guages are available as options. 
£6350. 

PPM Instrumentation Ltd, Her- 
mitage Rd, St Johns, Woking, Sur- 
rey GU21 1TZ. Phone (04867) 
80111. TLX 859181. 

Circle No 421 
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CAE/CAD SOFTWARE 


@ Runs on IBM PC/XT and PC/AT 
@ Lets you design multilayer pc 
boards 
Previously available only for use on 
Prime or DEC minicomputers, the 
Hyboard pe-board CAE/CAD pack- 
age now runs on an IBM PC/XT or 
PC/AT equipped with 640k bytes of 
RAM, a hard disk, and a math co- 


processor. The two basic software 
modules, Hyboard-CCT and 
Hyboard-PCB, allow you to produce 
circuit schematics and pc-board lay- 
outs, respectively. With the 
Hyboard-CCT module, you can cre- 
ate schematic drawings using 
predefined symbols and logic com- 
ponents. The program can produce 
the drawing on a single sheet or 


divide it into logical sections for 
drawing on multiple sheets. You can 
also predefine component macros, 
which you can store and recall for 
use on any circuit schematic. 
Hyboard-PCB takes the net-list out- 
put from Hyboard-CCT and allows 
you to lay out a multilayer pe board 
as large as 640 mm? and having as 
many as eight layers. You can gener- 


ate tracks of varying widths and use 
standard or user-defined pad lay- 
outs. Track copy, parallel-track 
generation, component space check- 
ing, automatic via generation, and 
design-rule-check functions are also 
included. An optional software mod- 
ule, Hyboard-AR, allows you to per- 
form fully automatic or interactive 
track routing. End-user license, 
Hyboard-CCT, £2000; Hyboard- 
PCB, £2000; Hyboard-AR £1000. 
The Hytech Group, Chequers 
Parade, Wycombe Rd, Prestwood, 
Bucks HP16 OPN, UK. Phone 
(02406) 6071. TLX 83686. 
Circle No 422 
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A User- Programmable 
16-Channel Filter 


That Makes Tough 


Filtering Tasks Easy... 
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CPU CARD 


@ Uses 68010 pP in VME Bus 
system 
@ Runs at 10 or 12.5 MHz 


The TSVME-104 double-Eurocard 
CPU board for VME Bus systems 
has a 68010 wP running at 10 or 12.5 
MHz with a 68881 math coproces- 
sor.. Onboard memory comprises 
512k bytes of zero-wait-state, pari- 
ty-checked dual-port RAM, and 
sockets for as much as 128k bytes of 
EPROM firmware. Additional on- 
board functions include a real-time 
clock, four RS-282C serial inter- 
faces, a 7-level interrupt handler 
and interrupt generator, and a sin- 
gle-level bus arbiter. The CPU is 
capable of operating as part of a 
multiprocessing system, and it has a 
local bus-extension connector that 
allows you to add a range of func- 
tional modules, including battery- 
backed CMOS RAM, additional 
firmware memory, and a SCSI, 
Centronics, or parallel TTL inter- 


Rear Panel Connector ‘ 
Gives the Bus of You 
Choice Command of 
the Instrument 


Calculator-Type Data Input 
Keypad...3-Digit Resolution; 
1,000,000: 1 Tuning Range 


Yr" ves Key Modifies Tasks of 5 
COMMAND FUNCTION Keys 


COMMAND FUNCTION KEYS (F1-F5) 
Let You Tune, Configure and Monitor 
Individual Filter Channels 


Large (2”) Green, Vacuum 
Flourescent Displays Provide 
Easy-to-Read Aphpanumeric 
Readouts 


HELP Key Calls Menus that Help You 
Configure/Tune All Filter Channels 


e Up to 16 independent channels 

e Programmable by keypad or bus 

e Tunable over a 1,000,000: 1 
frequency range 

e Simple, menu-driven operation 

e Saves up to 8 user-definable con- 
figurations per channel in internal 
non-volatile RAM 


configurations per channel in the 
internal non-volatile 9016 RAM. 


Full scale analog features... 

Your choice of Butterworth, Bessel 
and near-ideal elliptic responses with 
up to 8 poles and 6 zeroes per filter. 


Program each channel for the con- 
figuration you need: single-ended or 
differential inputs, pre- and post- 
filter gain, filter bypass...and much 
more. 


Call us today for more 9016 informa- 
tion and start making your filtering 
tasks easy. 


oe 
tere LR Page 


25 Locust Street, Haverhill, MA 01830 (617) 374-0761 TWX 710-347-0314 


Command and Help menus let you 
configure any or all sixteen 9016 
channels quickly and easily. You 
can mix and match lowpass, 
highpass and bandpass filter 
cards that span 0.1 Hz to 100 kHz 
and fit any system card cage slot. 


Pick the bus of your choice, and 
we'll furnish a rear connector for 
HPIB or parallel. Either way, 

you Can define and store up to 8 
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DesignLiné Enclosuresare 
ade to order for your high tech needs. 
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Some years ago, we found that you ora protects all DesignLine models. They’ 
wanted a line of enclosures that would mam os retain their good looks in the most hostile 
provide the same rugged protection for _— x, 4 environments. 
which Hoffman enclosures were so a om Like the rest of the family, they meet 
famous, yet you wanted enclosures that oe NEM<A 12 specifications. - 


would look sharp in an up-to-date setting. == ee And all can be tailored to your applica- 


That was the beginning of our popular j= = 4 ~ ~~. (@ tion needs with a wide range of options 
DesignLine series. We started with ee aandaccessories. 

smaller Instrument Enclosures and eee For complete 

NEMA Type 13 units. Then we intro- So 2) | @ information 

duced larger Electronic Rack and ee "son the dozens 

Environmental Electronic Enclosures. a_i of high tech 

Our newest offering is ‘a series DesignLine 


of Modular Consoles and Cabinets. A, ® enclosures, 
‘These have the same durable textured contact us at 


eige polyester powder coating that Hoffman. Your informed source 
Hoffman Engineering Company 


900 Ehlen Drive, Anoka, Minnesota 55303 Phone: (612) 421-2240 
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.. stay Ahead 


Using FACTRON SCHLUMBERGER Series 900 
Test Area Management with Growing Power 


Asystem so flexible it offers a choice of 
hardware and software to precisely meet 
every test management need of your company. 

Asystem that builds a powerful 
advantage over your competition and at the 
same time develops company skills. 

Asystem that not only gives true 
production visibility and real time 
information, but helps trim down 
manufacturing costs. 

An open architecture system that 
grows with your company to become a vital 
element in future Computer Integrated 
Manufacturing (CIM) development. 

FACTRON SCHLUMBERGER Series 
900 Test Area Management. Comprehensive 
tools to give perfect control. 


Building Better Test Management 


The Series 900 Test Area Management 
Starting point is a worldwide partnership 
between DIGITAL EQUIPMENT and 
FACTRON. 

Applying the immensely powerful, 
flexible and fast microVAX/VAX range of super 
mini-computers, using industry standard 
computing and communication methods 
utilising high speed easily installed Ethernet 
networking, systems are applied into your 
own individual company requirements. 

Hardware and software packages 
ranging from comprehensive off-line 
programming and test program library 
control to paperless repair and focused 
management reporting are available in any 
combination. 


The advantages are Clear. A powerful 
management system that brings test and 
repair information and control to your desk 
instantly, identifying problems and fault 
trends quickly, improving both productivity 
and quality— and all in a package tailored to 
your company needs. 


Your Company and FACTRON— 
A Productive Partnership 


But FACTRON SCHLUMBERGER go 
even further to help your production both now 
and into the future. A new level of support 
from people with a complete understanding of 
manufacturing and test problems. 
Engineering and applications teams in Europe 
and the U.S.A., backed by support throughout 
the world. A comprehensive product range 
with applications specialisation that covers 
telecoms, automotive, computer and 
consumer manufacturing. 


FACTRON SCHLUMBERGER Series 900 
Test Area Management — 
With Growing Power 


FACTRON Series 900 Test Area 
Management offers capability beyond the 
conventional. A powerful, uniquely flexible 
system of hardware and software modules 
that you can build with and grow to meet your 
company’s future needs, ensuring long term 
growing power through an unbeatable 
partnership with FACTRON and DIGITAL. 


Phone FACTRON now — today. We'll 
prove that Series 900 products give you 
the competitive edge. 


FACTRON SCHLUMBERGER, Europe: Ferndown Industrial Estate, Wimborne, Dorset BH21 7PP, U.K. Tel: (0202) 893535 


FACTRON SCHLUMBERGER, U.S.A: 299 Old Niskayuna Road, Latham, New York 12110. Tel: (518) 783-3600 
NISSEC SCHLUMBERGER, Japan: 1-2-10 Hirakawacho, Chiyoda-Ku, Tokyo 102. Tel: (03) 2397411 
SCHLUMBERGER SYSTEMS, Singapore: 12 Lorong Baker Batu, Singapore 1334. Tel: 7466344 


BENELUX Holland Tel: (040) 457745, FRANCE Tel: (1) 4687 3243, GERMANY Tel: (089) 638110, ITALY Tel: (2) 9233474, SWEDEN (8) 699733 


FACTRON AGENTS/DISTRIBUTORS 
SPAIN Tel: (1) 2624913, SWITZERLAND Tel: (31) 442711, TURKEY Tel: (1) 338 3529 


Partners in Productivity 
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INTERNATIONAL 


face. The TSVME-105, a similar 
CPU card without the math coproc- 
essor, is also available. TSVME- 
104, Fr fr 23,256; TSVME-105, Fr 
fr 18,860. . 
Thomson Semiconducteurs, 45 
Ave de lEurope, 78140 Velizy, 
France. Phone (3) 9469719. TLX 
204780. 
Circle No 423 
Thomson Semiconductors, VSI, 
761 E University, Mesa, AZ 85203. 
Phone (602) 962-9579. 
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DISASSEMBLER 


@ Works with PM Series logic ana- 
lyzers 

e Translates pP-bus traffic to as- 
sembly language 


You can use this disassembler for 
the 80286 wP with the company’s 
PM 3551A, 3565, and 3570 logic ana- 
lyzers. It translates captured 
wP-bus traffic into assembly-lan- 
guage mnemonics along with all rel- 
evant operands, addresses, and ad- 
dressing modes. The disassembler 
automatically filters out instruc- 
tions that are prefetched (but not 
executed) by the pP’s pipelined in- 
struction architecture, and it aligns 
data moves with the instructions 
that prompt them. The PROM- 
based disassembler resides on an 
option board within the logic analyz- 
er, where it can coexist with three 
other disassemblers. A special 
probe for the logic analyzer allows 
you to connect the board directly to 
the 80286’s 68-pin grid-array sock- 
et. PROM-based disassembler, Gld 
3000; analyzer front-end hardware, 
Gld 3950. 

Philips, Industrial & Electro- 
acoustic Systems Div, Box 528, 5600 
AM Eindhoven, The Netherlands. 
Phone (040) 757005. TLX 51573. 
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Philips Test & Measurement 
Inc, 85 McKee Dr, Mahwah, NJ 
07480. Phone (201) 529-3800. 
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Every two weeks, EDN shows you how to 
use and apply new products and technology. In 
short, how to design. 

Through staff-written reports, Designer’s 
Guides multi-part features, and contributed appli- 
cations articles, EDN brings you “technology in 
depth.” And it’s what sets EDN apart as the pre- 
mier applications-oriented publication among 
design engineers and engineering managers in the 


electronic OEM. 

As proof, youchose EDN as the most useful 
electronic engineering publication in a whopping UP tinge 
24 out of 25 independent reader preference studies a eet 
in 1985. 


Now, EDN shows you in even greater depth 
than before what new products are available to 
design with. With EDN Product News. 

In a tabloid format, EDN Product News 
mails monthly toEDN’s U.S. and Canadian circu- 
lation. It is designed to help you select new com- 
ponents, equipment, and systems. And to 
complement EDN, which continues to provide the 
first rate editorial that has made it first among 
electronic engineering publications. 


EDN and EDN Product News. 
Bringing you complete coverage of the 
design and product selection process. 


* OMS 
i ae 
ie XO MO tax, 


Cahners Publishing Company 


A Division of Reed Publishing USA 


Specialized Business Magazines for Building & Construction, Electronics & Computers, Foodservice, Manufacturing, Book Publishing & Libraries, and Medical/Health Care. 


Cahners Building * 275 Washington Street » Newton, MA « 02158-1630 « (617) 964-3030 
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NEW PRODUCIS 


: Hordperfect Word Processing 
i Microsoft Word 


Bl Framework Integrated Software 

mi Lotus l-c-3 Spreaashee 
m1 Multiplan Spreadsheet 

| DBASE Data Management 

| R:BASE 3@08 Data Management 
| General Ledger 

| Payroll Ledger 


Add 
Change 
Delete 


mi Accounts Receivable Ledger 
mi, Accounts Payable Ledger 

| Crosstalk Communications 

a PC Paint Brush Program 

mi Microsoft Windows 

Hil Telephone Number Listing 

a Printer ve Menu 


nser 
Load 
Move 
On/Off 
Quit 
Save 


i DOS Command Menu 


MENU EDITOR 


@ Replaces DOS prompt with sys- 
tems of menus 

@ Lets you create, save, and 
change menus 


Offering an alternative way to call 
up DOS commands on an IBM PC, 
PC/XT, or compatible computer, 
the FirstMenu program replaces 
the DOS prompt with a system of 
menus. You can create, save, or 
change menus to run applications, 
perform DOS operations, or select 
other menus. The program is com- 
patible with the Microsoft mouse. 
You can create any number of 
menus, each having as many as 20 
selections, and an entry on one 
menu can call up a submenu. You 
can also color-code menus and select 
background and foreground colors. 
Because the software is not copy- 
protected, you can add a menu to 
any of your system disks. An index 
that’s keyed to the on-screen help 
menu lets you look up specific infor- 
mation with two or three key- 
strokes. The program also includes 
a paging function. The utility occu- 
pies 15k bytes of RAM; to make 
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hy Options 


SOFTWARE 


Exit to DOs 
Free Desk 


tor ¢ and then press «4 


effective use of the program, you 
need at least 192k bytes of RAM. 
$39.95. 

Harvey, Box 1863, Cape Coral, 
FL 33910. Phone (800) 231-0296; in 
FL, (813) 482-8600. 
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ADA COMPILER 


® Compiled programs can use full 
16M-byte address space of 80286 

@ Run-time executive supports 
multitasking 


An application compiled with the 
Alsys PC/AT Compiler can run in 
virtual mode; as a result, the soft- 
ware can directly access as much as 
16M bytes of memory on an IBM 
PC/AT or a compatible computer. 
Using this compiler, you can avoid 
dividing a large application into 
overlays, and you can avoid pro- 
cessing delays caused by moving 
blocks of the overlaid code to and 
from memory as well. The conver- 
sion tool translates each compilation 
unit into object code for the 8086 wP 
family. The program’s library man- 
ager can create, delete, copy, and 
rename the Ada program library. 


Its unit manager examines and 
maintains individual units in the 
Ada program library, and its binder 
checks and combines separately 
compiled units into a single object 
program. The run-time executive is 
a set of routines that allocates mem- 
ory for data storage while an Ada 
program is running; manages ex- 
ception handling; and controls task- 
ing. The price includes a 4M-byte 
memory board. $2995. 

Alsys Inc, 1432 Main St, Wal- 
tham, MA 02154. Phone (617) 890- 
0030. TLX 9485386. 
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COMM PROGRAM 


e Transfers files while you work 
on an applications program 

® Command files execute complex 
operations 


Besides providing basic communica- 
tions features, the Backcomm Ver- 
sion 1.2 program can encrypt and 
decrypt files, and compress and ex- 
pand files, without leaving the pro- 
gram. The program also features 
password protection; automatic call 
scheduling by day, date, and time; 
and Backtalk, the company’s built-in 
command language. This language 
provides arithmetic, evaluations, 
decision-making capabilities, file 
read/write, screen formatting, and 
an interface to other programs that 
are executing simultaneously. The 
background mode allows the pro- 
gram to run while you work on 
another application program in the 
foreground. The context-sensitive 
help screen eases the transition 
from menu-driven to command- 
driven operation. The help function 
also offers a table of contents and an 
indexer. $95. 

LaSalle Micro Inc, 1350 Reming- 
ton Rd, Suite W, Schaumburg, IL 
60195. Phone (800) 882-5171; in IL, 
(312) 882-5171. 
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SOFTW ARE 


TELECOMM 


© Provides shortcut for executing 
Autopilot sequence 

@ Lets you put automatic startup 
sequence on any document 


Smartcom II version 2.2 is an up- 
grade of this company’s communica- 
tions software for the Apple Macin- 
tosh. The upgrade provides Option 


Key Autopilot sequences, 
Autostartup sequences, and the 
ability to rename files. It also sup- 
ports the Macintosh Plus and the 
hierarchical file system (HFS), 
which improves file handling and 
organization, and it’s compatible 
with all earlier models of the Macin- 
tosh. The Option Key Autopilot se- 
quence shortens the execution of an 


hawa offers 


ain/W 
Ss’ raBe 1 Y 
53/1051 


to order. | 
Maintenance free construction, © 
stainless steel and plastic, | 
appropriately finished to blend 
in well with amodern office 
or industrial environment. 


series OF Made 


ation desks designed: 
with space for system options 
and a general purpose 
working area. 


60ling devices ‘and accessor 
hardware. 


PLCs, ele al and e ectronic 
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Autopilot sequence. It lets you as- 
sign a single-character identifier to 
an Autopilot sequence; to execute 
the sequence, you just press the 
identifier key and an option key. 
Each document can contain an 
Autostartup sequence. This feature 
allows you to switch into the com- 
munications program, dial, log onto 
another system, execute the Auto- 
pilot sequences, and log off, all with 
two strokes of the mouse, according 
to the manufacturer. The upgrade 
retains all the features of the origi- 
nal program release, including in- 
teractive graphics, context-sensi- 
tive help messages, terminal 
emulation, multiple protocols, and 
voice/data transmission. The soft- 
ware provides for data transmission 
at 19,200; 9600; 2400; 1200; or 0 to 
300 bps. $149. 
_ Hayes Microcomputer Products 
Inc, Box 105208, Atlanta, GA 
30348. Phone (404) 449-8791. 
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ANALYSIS KIT 


© Lets you analyze sharing of sys- 
tem-level resources | 

© Displays execution time of each 
line of code in a given procedure 


Domain/Pak consists of three tools 
that allow you to use the company’s 
workstations to graphically analyze 
and understand program perfor- 
mance from three complementary 
perspectives: the system level, the 
program level, and the procedure 
level. These tools run under all the 
company’s operating systems, in- 
cluding Domain/IX, which is a port 
of both the Berkeley 4.2 and the 
System V versions of Unix. The 
package’s performance-analysis tool 
refines performance data to the pro- 
cedure level by profiling the pro- 
cessing time and page faults of each 
procedure in a program. The Dis- 
play Process Status tool allows you 
to learn how an application assigns 
system-level resources—such as 
relative CPU usage (in percent- 
ages), total system paging, disk I/O, 
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To get both economical EMI compliance 
and economical functional integrity, 
simply learn our phone number. 


We're Spectrum Control. And our business We're a research company. Were a design 
is controlling electromagnetic company. We're a diagnostic company. We're a 
interference. We've spent the last -~ manufacturing company. Each part inter- 
15 years doing the basic research facing with the others to increase 
and developing the practical our practical knowledge and func- 
methodology that has made us tional capabilities almost daily. 
an industry leader in designing « If you're looking for solu- 
and manufacturing filters, ) tions to EMI pollution, please 
shields, gaskets and filtered call. We can deliver the an- 
connectors. Swers you're looking for faster 

We developed the technol- and less expensively than any- 
ogy before you developed one else in the business. 


the need. (814) 455-0966 


Our filtered 

D subminiature 

eur oc or Regional Sales Offices: 
EASI—(201)-528-8420 

wlll eal tere at a NORTHEAST—(617)-458-9079 

pe WEST—(805)-257-2280 


while protecting your equip- 
ment against both radiated and A 
tr” NORTHWEST—(408)-735-9015 
~  MIDWEST—(612)-888-8011 


conducted interference, without 
SOU TH—(805)-724-4900 


interfering with the way it works 
SOUTHWESI—(214)-251-1669 


And an automated pro- 
cess we pioneered and per- 
fected delivers them to you 
with quality control 
second to none. 

Our new geodesic struc- 
ture FCC open field test site is the 
only diagnostic and testing 
facility like it in the world. 


“o 
Midcon/s6. 


See us at Booth 745 


SPECTRUM CONTROL INC. 


2185 West Eighth Street. 
Erie, PA 16505 


CIRCLE NO 233 
Since 1968...Making technology compatible with technology. 


SOFTWARE 
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SN 


and network I/O—to its concurrent- 
ly running processes. The Histo- 
gram Program Counter tool dis- 
plays the execution time of each line 
of code within a given procedure so 
that you can identify code that con- 
sumes excessive time or is not used 
at all. $250 per node; $980 per site. 
Apollo Computer Inc, 330 
Billerica Rd, Chelmsford, MA 
01824. Phone (617) 256-6600. TWX 

710-343-C803. 
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PASCAL COMPILER 


® Conforms to ISO standard 
@ Performs extensive error 
checking 


This compiler, which runs on the 
vendor’s VME-based Unix V Micro- 
force computers, generates fast and 
compact code. It conforms to the 
ISO-dp 7185.1 standard. Compile- 
and run-time error-checking aid in 


maintaining application programs. 
Other features include a source-lev- 
el interactive debugger; a profiler 
that identifies program bottlenecks; 


a source-code and text formatter 


that speeds up source-code entry; 
and a cross-reference generator and 
dynamic string library. License fee, 
$600. 

Force Computers Inc, 727 Uni- 
versity Ave, Los Gatos, CA 95030. 
Phone (408) 354-3410. 
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REAL-TIME KERNEL 


© Supports as many as 255 concur- 
rent tasks 
@ Can reside in 4k bytes of ROM 


Quick-Task is a real-time executive 
kernel for use in HD64180- or Z80/ 
NSC800-based embedded comput- 
ing applications, such as process 
control, data acquisition, and robot- 
ics. It features full source code; no 


run-time fees; and multiprocess 
communication, boxes, and queues. 
Its Exitrdy command suspends a 
completed task and reschedules it 
for completion. This command pre- 
vents degradation of overall system 
performance by tasks such as serv- 
icing slow I/O devices. Other fea- 
tures include multiprocess synchro- 
nization, round-robin or prior- 
ity-based scheduling, and support 
for as many as 255 tasks concurrent- 
ly. The program’s code segment is 
small—4k bytes—and can therefore 
be resident in ROM. The software 
also furnishes hardware-interrupt 
support. $249. 

Echelon Inc, 885 N San Antonio 
Rd, Los Altos, CA 94022. Phone 
(415) 948-3820. 
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Laser diode technology has made high speed barcode scanning — 


possible in less space than ever before. 


The MS-1000 is the world’s smallest fixed mount, moving beam 
barcode scanner. Measuring a mere 2.3’’ x 4.0’’ x 4.7”, it will help you 


meet the most stringent space limitations. 
Although small in size, the MS-1000 is BIG 

in performance. At 400 scans per second, it 
rivals even the larger, more expensive laser 
scanners in its ability to read small, fast moving 
labels. And other features, like wide field of 
view, adjustable focus, large depth of field and 
very low power consumption make the MS-1000 
the choice of many design engineers. 

Visit us at Booth #1121, SCAN-TECH 

‘86, Oct. 15-17, Moscone Ctr. San Francisco 


\ 


Complementing the MS-1000 scanner is the ML-series of decoder | 


boards that support all of the major industrial and retail codes. These 


MICROSCAN gant 


SYSTEMS INCORPORATE CD WAM 


decoders take full advantage of the MS-1000’s scanning speed by using 
realtime hardware decoding techniques. Each and every one of the 


400 scans per second is decoded as it is scanned. 
With both serial and parallel ports, and a variety 
of programmable hardware signals, interfacing 
to just about any host system—micro or main- 
frame—is fast and easy. 

Unmatched for price/performance value, 
the MS-1000 may be the BEST choice for YOUR 
design. For more information contact: _ 
MICROSCAN SYSTEMS, INC., 939 Industry Dr., 
Tukwila, WA 98188, (206) 575-3060. 
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CPU-2RT CPU-2SC CPU-2PB PIGGY BACK 
BOARDS 


CPU-1 CPU-3 
f 
ONE YEAR WARRANTY *UNIX is a trademark of AT&T Bell Laboratories 

Electronic Modular Systems, Inc. Electronic Modular Systems, GmbH Electronic Modular Systems, Ltd. 
4546 Beltway Robert-Koch Str. 1-3 Bray House Martin Road 
Dallas, TX 75244 6078 Neu-lsenburg Cordwallis Ind. Estate 
214/392-3473 West Germany Maiden Head, Berks $167DE England 
Telex: 791688 Pasadena Dal 06102/3117 0628/76062 

Telex: 841/4185633 EMS D Telex: 851/846369 Bray G 

A Subsidiary of Pasadena Technology Corporation 


VMEbus Central Processors 
REAL TIME APPLICATIONS 


68020 
@ 12.5 MHz, 
16.5 MHz, or 


20 MHz, 
DRAM ‘/ Mb, 
1 Mb, or 4 Mb 


CPU-4RT 


STAND ALONE HOST 


**oSOS is a trademark of Software 
Components Group 


***>1DOS is a trademark of Eyring 
Research 


Pasadena Technology India, Ltd. 
10 Jawahar Road, Chokkikulam 
Madurai 625-002 India 
0452/41616 

Telex: 953/445-320 SCT IN 
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2,000 sharper-than-ever characters 
all on a portable LCD display. 


Toshiba’s newest LCD modules give you 640 X< 200 dot displaysina Specifications 
choice of two viewing sizes. One is approximately the size of a magazine, 
and the other about half that size. 
Both sizes put an enormous amount of information on view... an 
array of 80 characters x 25 lines. But still bulk and power consumption 
are at a minimum. Battery powered, these slim modules interface with Dcraitieie alone 274.8X2406X17.0 | 275.0X1260X150 
various systems through LCD controller without renewing software. (W X H XD) 
Toshiba’s advanced technology has also eliminated surface reflection | Maximum Ratings | 


OA RENOR Ei 
and developed a sharper contrast which gives a brighter and easier to 
read viewing screen. And for low light or dark viewing an optional 


backlightable LCD is available. 
These versatile LCDs are ideally suited for applications as displays for 
personal computers, POS terminals, portable — _ | | Recommended Operatin 


word processors and other display terminals. |] = | [voo | 5£0.26V 5+0.25V 
You can also look to Toshiba with confidence |] % pee Joe aS a 
for a wide range of ja cz | a 


sizes and display 4 : . Typical Characteristics (25°C) 


capacity to suit your | . a Response 
LCD requirements. _ 4 Time 


Contrast Ratio 


Viewing Angle 
Design and specifications are subject to change without notice. 


Toshiba America, Inc.: Electronic Components Business Sector: Head Office: 2692 Dow Avenue, Tustin, CA 92680, U.S.A. Tel. (714) 832-6300 
Chicago Office: 1101 A Lake Cook Road, Deerfield, IL 60015, U.S.A. Tel. (312) 945-1500 

Toshiba Europa (1.E.) GmbH: Electronic Components Div.: Hammer Landstrasse 115, 4040 Neuss 1, F.R. Germany Tel. (02101) 1580 

Toshiba (UK) Ltd.: Electronic Components Div.: Toshiba House, Frimley Road, Frimley, Camberley, Surrey GU 165JJ, England Tel. 0276 62222 
Toshiba Electronics Scandinavia AB: Vasagatan 3, 5 TR S-111 20 Stockholm, Sweden Tel. 08-145600 


RODUCT MAR 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


SMTRANSFORMERS™ 
AIE Magnetics’ SMTransformers™, which 
can be mounted using either conventional or 
surface mounting, enable you to switch con- 
veniently to surface mounting without having 
to re-design your circuit — saving you time and 
money. Applications include pulse and wide 
band transformers and data bus 
communications. 


AIE MAGNETICS 
701 Murfreesboro Road 
Nashville, Tennessee 37210 
615/244-9024 
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KEEPS GETTING BETTER 


Runs on IBM PC/XT/AT or compntibie, supporting most 
common graphic boards, printers and plotters 


Over 2000 unique library parts 

Part rotation & mirroring 

Rubberbanding of wires & buses when objects are moved 
Supports A through E size sheets 

True unlimited level hierarchy 

Visible grids, 5 zoom levels 

Color & monochrome graphics 

Draws non-orthogonal wires & buses 

Step & repeat with auto increment/decrement of labels 
Powerful keyboard macros & auto panning 

Net/wire list, BOM, design check & library creation 

utilities 

OrCAD gives you so many features, nothing else even comes 
close. Why settle for anything less? At only $495 you will dis- 
cover that OrCAD/SDT is the most powerful and cost effec- 
tive schematic design tool available. . . at any price! 


Call today for your Free Demo Disk and brochure. All orders 
are shipped from stock for immediate delivery! 


OrCAD Systems Corporation 
1049 S.W. Baseline St., Suite 500 
Hillsboro, OR 97123 
(503) 640-5007 
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NEW! OMEGA 1986 PRESSURE MEASUREMENT 
HANDBOOK & ENCYCLOPEDIA 
featuring complete pressure measurement systems. 
Everything needed to measure, display, and control 
pressure is available under a single cover featuring 
transducers, strain gauges, accessories, recorders, 
digital readout meters, computer interfaces and 
more! All products are displayed in full-color com- 
plete with prices and specifications. This 264-page 
compendium is FREE! Write OMEGA ENGINEER- 
ING, INC., Box 4047, Stamford, CT 06907 or call 

203/359-7874. 
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NEW! OMEGA 1986 FLOW MEASUREMENT 
HANDBOOK & ENCYCLOPEDIA 
features a complete line of STATE-OF-THE-ART 
flow transducers, meters, controllers, recorders, and 
other accessories. For the first time, COMPLETE 
FLOW SYSTEMS will be emphasized and not just 
components. Also, computer interfacing will be 
made easy through diagrams and discussions. Over 
226 full-color pages! Send for your FREE! copy 
today. Write OMEGA ENGINEERING, INC., Box 

4047, Stamford, CT 06907 or call 203/359-7874. 
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LOGIC PROGRAMMER...‘‘and’’ 
DESIGN & TEST SYSTEM 


DIGELEC Model 803-LDC $3450. 


Supports design & test in “STAND-ALONE” as well as 
computer control operation 

Built-in CRT display for entry and display 

Both Boolean equation & fuse map entry for PALs 
Exclusive Boolean equation DISASSEMBLER for PALs 
H&L Logic table entry for IFLs/FPLAs 

User defined JEDEC format vector testing entry 
Time-saving CRC TESTING using internal pseudo- 
random test pattern generator 

Programs 20, 24 & 28 pin PALs & IFLs, virtually all 
manufacturers and UPGRADEABLE 


—Also manufacturers of EPROM, GANG, OEM, 
BOARD LEVEL & UNIVERSAL PROGRAMMERS— 


DIGELEC, INC. 
1602 Lawrence Ave., Ocean, NJ 07712 


For immediate action call: (201) 493-2420 
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DE 1000 


@ portable, independent, easy to use development system works under 
MS-DOS, PC-DOS, VMS, MICRO-VMS, UNIX and XENIX. 

@ SLICE - source language in-circuit emulation - non-intrusive sym- 
bolic de-bug package for C and assembly level code. 

@ universal - supports various families: 8086, 8088, 80186, 80188, 
80286, 68000, 68010, 68020. 

@ powerful breakpoints, triggering and trace capabilities on C, assembly 
and bus cycles. 

@ on-line assistance available. 

It’s the world’s best microprocessor development system. Challenge 

us to prove it. Call 1-800-435-5001 or 617-769-2980. 


EMULOGIC 


One Edgewater Drive, Brookside Park 
Norwood, MA 02062 
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HD64180 PC 
CO-PROCESSOR 


ISBX Ram 256K 
Bus Connectors 


MULTIBUS: Big Fi aig Boost! 


— Your Time Has Come! 


Serial Ports 


The mSBX-241™ ul TNS 
Multimodule is a (one pees . 
robust, precision Real- =| = 
Time Clock/Calendar ieerare 
in SBX format with on- * 
board battery backup. 

Aco-processor based on the Hitachi HD64 180, 
General Features: 


Z80 compatible microprocessor. It has provision 
for 2 SBX piggy-back boards following the Intel SBX 
standard. Use any of dozens of commercial SBX 
boards or design your own to interface your special 
equipment. Includes 2 counter-timers, 2 DMA 
channels. Complete technical manual. Extensive 
software support. OEM pricing. A general purpose 
auxiliary processor for IBM-PC or PC/AT. 

We have other co-processors, including units 
for VAXTM and PDPTM-11, unibus TM or Q-bus. Call 
for more information. 


TOTAL SYSTEMS INTEGRATION 
1897 Garden Ave., Eugene, OR 97403 
1-800-874-2288 | 1-503-345-7395 


C) For high performance systems: 
no wait states or software overhead 

(_] Attaches to all SBX and BLX compatible Multibus boards 

(] Programmable alarm clock and periodic interrupts 

(_] 12 or 24 hour time modes, in both BCD and binary format 

C] Internal 100 year calendar with leap year compensation 

_] Selectable automatic Daylight Savings compensation 

L] Contains fifty bytes of general purpose non-volatile RAM 

_) RMX-86/286 drivers supplied on diskette 


For more information contact: 
Medinova Corporation 
Intelligent Systems Group 


244 West Court, Palatine, Illinois 60067 
Telephone (3 12) 934-4700 


Multibus, Multimodule TM Intel Corp. 


CIRCLE NO 94 


. ee A 

e 500% plus performance. e Plugs into any existing 
68000/68010 socket. ¢ On-board 68881 floating point 
math coprocessor chip. e Runs all 68000/68010 pro- 
grams. e Great for prototyping the 68020 CPU & 68881 
floating point math coprocessor. e 222% Performance 
improvement over the 68000 at 12.5 mhz; the EDN 
linked list insertion Benchmark showed at 248% 
improvement. 


Computer System 
Associates, Inc. 


7564 Trade St., San Diego, CA 92121/(619) 566-391 1 
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Wire Wrap Software 
$295 


WIREMASTER is the complete solution for hand 
or machine wrapping. 


e Easy schematic input 

e Wires sorted by length and level 

e Net list. parts list, cross reference 

e Wire length minimization 

e Handles ECL and twisted pair 

e Interface to Futurenet and other CAD systems. 

e Handles row-column boards (Augat. Mupac) 
and randomly placed components. 

e CHANGEMASTER keeps track of updates 

e Post processors for NC wire wrap machines. ~/ 8500 piece pri 
plus Multiwire and Stitchwire. See : : 

e PLOTBOARD drives dot-matrix printers. pone ag oe as 10: RAM, EEROM: 

e IBM PC compatibles and VAX EXPANSION MODULES: RAM, EPROM, CMOS RAM/ 

battery, analog 1/0, serial |/O, parallel 1/O, counter/ 
DEMO DISK AVAILABLE -catag ap righetoy ied ica feces disks, 


, breadboard, keyboard/dispiay. 
AFTERTHOUGHT ENGINEERING cassette, breadboord, keyboord) display 


Wintek Corp: 
7266 Courtney Dr. v¥ 4804 South Street 
San Diego, CA 92111 patevene: IN 7004 


YOUR ONLY CHANCE TO OUTPERFORM 
THE MIGHTY JAPANESE 


Today’s technology demands top performance com- 
ponents for absolute reliability and quality at the right 
price. In Taiwan our Electronic Industry can provide all 
your component needs to counter the Japanese domina- 
tion of the world market. 

When you need high performance Relays, Diodes and 
Rectifiers, there is one company you can call with 
confidence — Intrasource. We are 100% confident of 
our products because every single components is 
designed, built and tested to meet the most stringent 
quality standards. 

We provide prompt delivery and complete back-up 
service on all products. Write or telex us for catalogs 
and samples — absolutely free. 


INTRASOURCE DEVELOPMENT INC. 
P.O. BOX 87-394 TAIPEI, TAIWAN 
TEL: 7134367-9, TELEX: 22772 IDINCO 
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f MCLA5 (shown) 


(619) 279-2868 (800) 742-6809 
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CHIP CHECKER” IEEE-488 GPIB Analyzer 


IN-CIRCUIT DIGITAL IC TESTER | EPROM . —— cata esac aa | a ae aoe 


The EP-1 is a great value, here’s why: ae 
¢ IBM PC Software Included or RS-232 to any computer are 


¢ ASCII Command driven operation; All intelligence in unit . 
e Reads, Programs, Copies over 150 types from 2716 to Stores 16,384 Bus Transfers 


27512 


THE CHECKER WITH MORE FEATURES PER DOLLAR! 


® Compatible with most ™®™ Compares !Cs in-circuit 
TTL families during actual operation 


" Checks tistate and = ™ No complicated switches ¢ Optional Intel microcontroller programming head The CmC GBA turns any RS-232 terminal or 
: an - one ° Menu-driven Chip Selection; No Personality Modules computer into a very powerful full function 

™ Checks 14, 16, 18, and ™ Static/dynamic modes e Fast, Slow, Quick-Pulse Programming Algorithms 
20 pin ICs © acide powers eat ¢ Intel (8080 & 8086), Motorola, Tekhex, Straight Hex Files GPIB analyzer and controller. The GBA can 


capture up to 16,384 bus transactions and can 
display them in a detailed easy to understand 
format. Also offers full control of the bus and 
IEEE-488 devices. PC compatible. $795.00 


Connecticut microComputer, Inc. 
P.O. Box 186, Brookfield, CT 06804 


e Splits Files by Base Address and Odd/Even (16 bit 
systems) 

© Gold Textool ZIF IC socket ¢ Full One-Year Warranty 

e Generate & Set Checksums e 5,12.5,21,25V Programming 

e Over-Current Protection e U.V. Erasers From $34.95 

e 8 Baud Rates 300 to 38,400 


BP Microsystems 
5325 Glenmont, Suite E, Houston, TX 77081 


® Detects and latches and test clips 
intermittent errors 


FREE BROCHURE OR ORDER FACTORY DIRECT 


CHIP CHECKER Model TTL—I.............. $299.00 


MICROCRAFT CORPORATION : P.O. BOX 513 
THIENSVILLE, WI153092 + 414/241-8144 (800)225-2102 (713)667-1636 1-800-4-CMC-USA 
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0 to 40 in 1 second! 


Remarkable performance. A linear 
microstepping motor/drive 
system with a resolution of 
12,500 steps per inch. 
Capable of speeds up to 
40 inches per second. An 
interesting alternative to 
leadscrew, rack and pinion 
or belt drives. 


Flow Charting II“ 
FAST. SIMPLE. SPECIFIC.| “=! 


Now build, update and print process flow 
and organizational charts 
easily, confidently. 


STD BUS USERS! 


¢ Readjust chart immedi- 

ately after addition or deletion 
e Travel quickly across a 120 

or 200-column screen 
© Move a single character or 

half a chart - instantly. 
Present the true, current picture. Use 
Flow Charting II on your IBM®-PC 
compatible system. General Motors, 
Bechtel, Touche Ross, Fairchild and 
500 other major US corporations use it. 


1-800/672-3470, ext. 897 Calif. 


1-800/538-8157 ext. 897 National 
408/629-5044 Intemational 


The 890 Z80A Multifunction CPU card is an 
integrated hardware/software solution for 
industrial control applications. 


* STD BASIC™ —Resident, * 8 digital I/O lines 
fast, floating point BASIC * 16K static RAM 

* Generates ROMable code ~*StatusLED 

* 4 MHz Z80A processor * Object Code Debug 

* 128K of memory addressing Monitor 

¢ Dual RS-232C serial ports ¢ Peripheral cards 


For our latest catalog 
Call toll-free 
1-800-358-9068 


In California call collect 
707-778-1244 


* 4 counter-timer channels availabl Another step forward from. . . 
¢ Auto run capability ° 5 year warranty PATTO Ni & PATTO N CcCOMPUMOTOR 
Call 303-426-8540 For Immediate Response oO tk occa f Hac 


CORPORATION. 


1179 North McDowell Blvd., Petaluma, CA 94952 
(707) 778-1244/(800) 358-9068/TLXII 510 744 2115 
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IBM is a registered trademark of International 
Business Machine Corp. 
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OCTAGON SYSTEMS 6510 W. 91st Avenue 
CORPORATION Westminster, CO 80030 
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Gw MORE IN RELIABILITY 
AND VALUE FOR MONEY 


+ 38 | a) 
fee 


FREQUENCY COUNTER 


YSI Data Grabber’ 


...a unique multi-sensor data 
acquisition and control system 


The YSI 4500 Data Grabber conditions, 
digitizes, linearizes, displays and transmits 
signals and alarm conditions from up to 128 
sensors—temperature, pressure, flow or what- 
ever. Use it as a stand-alone system with de- 
tachable keyboard or interfaced with 
computers, from desktop PCs to mainframes, 
for two-way communications. You get precise, 
user-programmable, multi-sensor data acqui- 
sition and control at an economical price. 


DIGITAL FUNCTION GENERATOR 


CONTACT US FOR DETAILS **** 
GOOD WILL INSTRUMENT Co., LTD. 


NO. 18 LANE 54 CHUNG-CHENG ROAD, HSIN TIEN, 
TAIPEI HSIEN, TAIWAN, R.O.C. TEL:(02)917-9188 
TELEX: 32518 GWINST. FAX: (02)917-9189 


CIRCLE NO 107 


from Yellow Springs 
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me. Ch 
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Yellow Springs Instrument Co., Inc. 
Yellow Springs, Ohio 45387 USA e Phone 513 767-7241 Gress 
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NEW DECOUPLING CAPACITOR SOCKETS. 
¢ One-piece capacitor/socket mounts in heights 
of .165”, .120”, .095” above board. « Chip 
capacitor is surface mounted to socket body. 
8-pin through 48-pin sizes with capacitance 
values of .01 to .1 microfarads, 50 VDC. * Screw 
machine hi-rel terminals with four-finger 
contacts. * Tapered entry for ease of insertion. 
¢ 100% anti-solder wicking. Advance your socket 
technology. Call or write for more information on 
this innovative decoupling capacitor socket. 
ADVANCED INTERCONNECTIONS, Five 
Division Street, Warwick, RI 02818 (401) 885- 
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REGISTERED INTEGRAL MODEM CH17L60 


Easily integrated into your printed circuit design. 
This CMOS 212A module is FCC part 68 registered. 
Its powerful command set can auto-dial; auto- 
answer; detect dial, busy, ringback tones and run 
comprehensive diagnostic tests. 


TELEPHONE LINE INTERFACE CH1810 


Cermetek’s DAA module, the CH1810, allows you 
to implement a REGISTERED phone line interface 
right on your circuit card. Be QUICK TO MARKET 
with your ingenious new idea without tripping over 
FCC hurdles. 


Cermetek Microelectronics, Inc. 
1308 Borregas Avenue 
Sunnyvale, CA 94088-3565 


Cermetek Microelectronics, Inc. 
1308 Borregas Avenue 
Sunnyvale, CA 94088-3565 
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At only $975, no electrical engineer 
can afford to be without this end-to-end 
circuit design, simulation and PCB layout tool. 

You can pay up to 15 times more and still not get all 
the features offered by EE Designer—Schematic 
Capture. . .Circuit Simulation. ..PCB Layout. 

30 day money back guarantee. Full purchase price 
refunded if not completely satisfied. 

Call 1-800-225-5669 
today to order your 
package. Bank cards 
welcome. 


—— ee A a 


as a 
TT AVIAVILILY 
1284 Geneva Drive 
Sunnyvale, CA 94089 
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Schematic Capture 
Software $100 


The Schematic Capture Software from AMS is 
the first integrated software package which 
runs on IBM PC and PC Compatible Com- 
puter(s) and is priced at only $100 


Powerful Editor allows copy, add, delete & move 
A through D size drawing capability 

Three level(s) of zoom capability 

Uses keyboard expandable to mouse 

Over 1000 library parts 

User can add new library parts 

Creates net list 

Prints bill of material 


Supports IBM, EPSON, TOSHIBA, OKIDATA 
PRINTER H.P. & Houston Instrument 
Plotter 


PCB check will be available soon 


DEMO DISK $10 
bh] foye EV 2780 S.W. 14th Street 
Pompano Beach, FL 33069 


800-9PC-FREE 305-975-9515 
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e PIN-GRID-ARRAY TEST CLIPS 

¢ LCC/PCC TO DIP ADAPTORS 

e DIP (LOW PROFILE) TEST CLIPS 
¢ LCC/PCC TEST CLIPS 

¢ DIP TO PGA ADAPTORS 

¢ PGA BREADBOARD ADAPTORS 


Emulation Technology Inc. 
422 Ives Terrace 
Sunnyvale, CA 94087 
415/960-0652 
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IEEE-488 


lIEEE-488 COMPLIANCE TESTING 


CEC, adesign consulting firm in microprocessor and 
computer firmware/software/hardware, offers a 
group of tests specifically designed to test com- 
pliance with the IEEE-488 standard for both instru- 
ments and controllers. Our in-house experts in the 
field of 488 have used these tests for over 3 years in 
the design and testing of major corporation IEEE-488 
products. The testing is done in our lab and the 
results are provided in an easy to read final com- 
pliance report. For further information contact: 


Circuit Equipment Corp. 
P.O. Box 602 Mentor,OH 44060 216-352-2040 
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FREE DEMO DISK 

SCHEMA is a complete, integrated schematic draw- 
ing software package for IBM Personal Computers. 
Use SCHEMA with your PC to draw schematics and 
automatically generate design documentation such 
as Wire and Net Lists, Bills of Materials, Design Rule 
Checks, etc. SCHEMA is $495 and supports most 
common PC hardware configurations. Call or write 
today for a free demo disk and brochure. 


OMATION INC. 
1701 N. Greenville Ave., Suite 809 
Richardson, TX 75081 
(214) 231-5167 
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SOLVE DECOUPLING PROBLEMS 


MICRO/Q capacitors with special pinout 
configurations give superior noise 
suppression, design ease. Solve special 
decoupling, routing problems for 8-, 16-, 
or 32-bit microprocessors, ECL devices, 
and many other devices where power 
and ground are not at conventional 
positions. Rogers Corp., 2400 S. 
Roosevelt St., Tempe, AZ 85282. 
602/967-0624 
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THE CY360 INTELLIGENT 
WAVEFORM SYNTHESIZER 


offers the most powerful and flexible 
source of audio and low frequency 


simple TTL 
interface to any 
microcomputer I/O port. 


ASCH and Binary programmable. 
$195 (80/100) 


24 Instructions. 


waveforms. Stored program 


generation of both 
standard and 
user defined 


Cybernetic Micro Systems : ip ~ eo 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 attn: Cybernetic 


AND APPLICATIONS GUIDE | CP/M 
MSDOS 


PDP — Plotter Driver Program 


caret ‘eos 
XFER — Transfer Function Synthesis 
Transfer functions/ $72 9 5 


Electronic circuits 

TEKCALC — Scientific Calculator 
Program 

Screen graphics/ 


moms «= TD 
COMCALC — Communications 
Design Spreadsheet 
pudgerccicuar «6 9 F295 
RIGHTWRITER — Report 
Proofreader Program 

220 ues ottran °97.95 


Professional Software 


AFFORDABLE 
ENGINEERING 
SOFTWARE ..... 


PCDOS 


regres Analysis 872.95 


oe 172.95 


SPP — 
Signal Processing Program $72.95 


PLOTPRO — 
Scientific Graph Printing 72.95 


PCPLOT — 
High Resolution Graphics $72.95 


LOCIPRO — 
Root Locus Analysis $72.95 


ACTFIL — 
Active Filter Design 572.95 


ae Thema Anavs  °72.95 


MATRIC MAGIC — 
Matrix Manipulation $72.95 


[EVtg Engineering ee 


(714) 781-0252 


2200 Business Way, Suite 207, Riverside, CA 92501. USA 


CIRCLE NO 120 
To advertise in Product Mart, call Joanne Dorian, 212/576-8015 


EDN September 4, 1986 


LIKE-NEW 
INSTRUMENTS 
FOR 

SALE! 


Thousands of 
bargain-priced 
electronic instru- = 
ments — with 
warranties — 
available now. 
Analyzers, 
PROM program- 
mers, oscilloscopes, printers, recorders, 
terminals...much more. Call for free 
catalog: Eastern Time Zone (including 
Miss, Tenn, Ala) (800) 225-1008, in Mass 
(800) 643-1011. All other locations (800) 
227-8409, in Cal (800) 331-3440. 


Genstar REI Sales Company 
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THE ULTIMATE 8-BIT 
DEVELOPMENT SYSTEM 


AND YOUR PC 


With a 9.25 MHz clock and a disk-buffering CP/M emulator, this is the fastest 
CP/M system available. The 128K RAM combined with a banked full screen 
symbolic debugger gives a full 62K TPA to debug your program. Or use the 
remote version of the debugger to debug programs in your TARGET system 
over a serial line. CP/M emulator, debuggers, Z80 assembler and linker are 
included. 

(Run DOS and CP/M programs transparently. Uses DOS for all disk 1/0 so file 
conversion is not needed. Will also read Kaypro CP/M diskettes.) 

Requires PC/XT/AT or compatible. s oo 

For more information, call or write: S75. 


—_______SLR_Systems 


1622 N. Main St.” (800) 833-3061 
Butler, PA 16001 (412) 282-0864 
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UNIVERSAL D.P.M. IS FOR ALL 


One basic +/—4-1/2 digit VDC mainframe does it all. We add 
any one of 7 displays, L.E.D. or L.C.D., 3-1/2 or 4-1/2 with 


or without dummy digit, plug in analog signal conditions, 
OHMS, AUTORANGE, A.C. AVERAGE, INTEGRATION, 
STRAIN-GAGE, CURRENT LOOP, A.C. RMS, R.T.D., FRE- 
QUENCY/RPM or THERMOCOUPLE. Others are: EXCITATION 
and ANALOG OUTPUT board, plus B.C.D., 3T, COM- 
PARATOR, PEAK & HOLD, etc., in a plastic or metal 1/8 
DIN/NEMA case. Connectors are screw type and flat cable. 


“ULTIMA 200’’ 


1.M.C. 
4016 E. Tennessee Street 
Tucson, AZ 85714 
(602) 748-7900 
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Crystek Crystals offers their new 16 page 
free catalog of crystals and oscillators. Of- 
fering state of the art crystal components 
manufactured by the latest automated 
technology. Custom designed or “off the 
shelf,’’ Crystek meets the need, worldwide. 
Write or call today! 


CRYSTEK CRYSTALS 


1000 Crystal Dr. « Ft. Myers, FL 33907 
P.O. BOx 06135 e« Ft. Myers, FL 33906-6135 
TOLL FREE 1-800-237-3061 
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Wide-B 
Matching Transformers. 


Over 400 models ranging from 20 Hz 

to 1000 MHz in impedance ratios up to 
25:1! Ultra-wide bandwidths and 
outstanding linearity for broadband 
telecommunications, data bus coupling/ 
pulse transmission, test instrumentation 
and LAN cabling systems. Call or 
write for our free catalog. 


adlaNorth Hills Electronics, Inc. 


1 Alexander Place, Glen Cove, NY 11542-3796 
(516) 671-5700 Telex: 46-6886 
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NEW VIDEO SIGNAL GENERATOR 
CARRIES INSTANT-EXPERT™ TESTS. 


The Opix™ Imager has over 50 built-in test pat- 
terns that allow anyone to perform sophisticated 
video correlations from the very first day. Or, design 
your own patterns with 256 colors or gray scales. 
Save tests on battery backed-up internal memory, or 
on disk. Transfer tests around the plant, or around 
the world. Up to 200 Megapixel capacity for ultra- 
high-definition design. Quantum Data, 455 E. 
Kehoe, Carol Stream, IL 60188. 312/668-3301; Telex: 
206725; FAX: 312-668-9288. 


Quantum DATA’ 
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and Impedance Adapters/ 


Sprague-Goodman 
Gigaherz Trimmer 


Capacitors for Microwave 
Applications. 


A wide selection of single turn Ceramics, 
plus multi-turn Sapphire and Teflon trim- 
mers for applications in the UHF and lower 
regions of the GHz bands. All feature high 
Q, great stability, small size and low cost. 


Sprague-Goodman Electronics, Inc. 


(An affiliate of the Sprague Electric Company) 
as 134 Fulton Ave., Garden City Park, NY 11040 
G0 516-746-1385 @ TLX: 14-4533 
CIRCLE NO 123 


O 10 Mhz 68000/68010 

O) 512Kbyte zero-wait-state RAM 

C] 128Kbyte capacity EPROM space 

C) Two serial ports/prog. baud rates 

(1) VMEbus system controller 

Perfect for your industrial control application 


558 Brewster Avenue Suite 1 
oe? craves Sixc8 9408s 
specialists - 
ST flex 810-100-0936 
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CRYSTAL INSULATORS FOR 
PCB SHORT CIRCUIT PROTECTION 


Fabricated from Du Pont MYLAR® in .005” thicknesses, the crystal in- 
sulators offer strength, temperature and burn resistance with a dielectric 
strength of 14,000 volts per mil and a melting point of 487 °F. Because 
crystals are often the highest mounted components on the PC board, 
Bivar’s low profile insulators provide economical protection and strength 
without adding unnecessary height to the components. 

Crystal insulators protect the bottoms of crystals and prevent short 
circuiting on the Pe board beneath and closely adjacent to areas of in- 
stallation. Five standard parts accommodate most HC crystal case 
styles. For further information contact: 


E. Bill Muldoon 
BIVAR, INC. 
4 Thomas, Irvine, CA92718 (714) 951-8808 
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. Free Te i nical ‘Support 
gr Fast Delivery 


. QUA TECH, INC. 


478 E. Exchange St. ey OH 44304 
(216) 434-31 4 ‘TLX: 5101012726 
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- Elan’s Low COST 
UNIVERSE 1000 
RAIMIMER 


For only 


$2950. Start with the controller and 


one stack, add the others as needed. 
> LOGIC Stack 
> PROM and EPROM Stack 
> GANGED EPROM Stack 
_ Easy-to-replace cartridges for new 
device updates. For more information, 
contact Elan Digital Systems, P.O. Box 
1610, San Anselmo, CA 94960 or call 
(408) 734-2226. 
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SIMPLIFY FRONT PANEL DESIGN 


The L2001-E and L2001-BK offer complete 
switch and encoder or potentiometer control and 
RS232C interface on one 5 volt CMOS chip. 
Create a complete front panel subsystem with the 
addition of up to three encoders or potentio- 
‘meters, up to 63 panel switches, and a few 
discretes. 


415 653 on 


LIGHTGAT= fax #415 654 2410 
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6300 Telegraph Avenue, ‘Oakland, CA nee : co 80033 (303)-422- -8088. 


file interchange !!! 


1. PCLIF (Rev 2.5) - New release of 
the software utility that allows 
the transfer of files between an 

IBM PC and HP computers using 

eg disks. 

5.25" transfers don't require 
any additional hardware ! 

e 3.5" disk transfers require 

an ISS FDD35 drive system. 

® runs on the IBM PC, XT, AT 
and the HP Vectra. 
|2. FDD35 - An external 3.5" DS/DD 

floppy disk drive system for the 
IBM PC and XT. 

@ easy connect to IBM PC disk 

drive controller. 

e can be used by DOS and PCLIF. 
eel 
INNOVATIVE SOFTWARE SYSTEMS 
1611-D Crenshaw Blvd. Suite 122 

Torrance, CA 968569 
(213) 544-2465 
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IRIG-B ON YOUR BUS 


The AITG incorporates a propagation delay- 
corrected IRIG-B synchronizable time base 
generator, an event time freeze register, and 
an LSI-11 interface. Includes time code 
stripper with AGC amplifier, auto-polarity, 
selectable rate/level outputs, and on-board 
event time measurement. $1500. STD BUS, 
VMEbus and Multibus versions available. 
K-Systems, Inc., 3902 Lilac, Las Cruces, NM 
88005, 505-526-3209, Telex WUI 6502763972/ 
Ansbk. MCI. 
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_ SBC88 DEVELOPMENT AND 
SX. CONTROLSYSTEM ~-7 


WRITE IT - RUN IT - ROM IT 


An 8088 based single board computer thatis so simple to use, you will 
be developing applications programs the first day! 


¢ Choice of 8K BASIC or FORTH ~—® RS-232 terminal and 

in ROM parallel printer port 
¢ 8 channel, 8 bit A/D converter 7 current sinking outputs 
¢ Two 8 bit input ports rated at 500 mA, 50 VDC 


Two 8 bit output ports e Up to 32K of user memory 
Time of day e Onboard EPROM programmer 
e Floating point UNIFORTH 

available 


*INVENTORY REDUCTION SALE 
SBC88-2K $129, while stock lasts 
*SBC88-8K $199 ($59/1000) 


Vesta Technology, Inc., 7100 W. 44th Avenue, Suite 101, Wheatridge, 
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To advertise in Product Mart, call Joanne Dorian, 212/576-8015 


SIMULATORS - CROSS ASSEMBLERS - PRO- 
GRAMMERS - SIM51 and SIM48 Software Simu- | 
lators run on IBM-PC, CP/M-80, MS-DOS. 

Designed for validation & debugging application | 
software. Simulation includes all on chip func- 
tions plus expansion chips. $250, one year FREE 
updates. Formats: PC-DOS 2.x DSDD, CP/M-80 — 
8” SSSD, many 5%" formats. Cross Assemblers | 
and EPROM pgmrs also available. Logical | 
Systems Corp. 6184 Teall Station, Syr., NY 13217 | 
(315) 478-0722 _ 


locical Systems 
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Small Space 
Advertising 
For Big 
Results 
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IBM PC COMPATIBLE RS232 EASI-DISK 
51,” FLOPPY DATA STORAGE & 
TRANSFER SYSTEM 


Reads & Writes IBM PC DOS 5%” Disks 
RS-232C 1/0 

Rugged Portable Package 

Host and/or Manual Controls 

ASCII or Full Binary Operation 

Baud Rates 110 to 19.2 K Baud 
Automatic Data Verification 

Price $1,095 in Singles - OEM Qtys. Less 
28 other systems with storage from 100K to 35 megabytes 
ANALOG & DIGITAL PERIPHERALS INC 


o———— 815 Diana Drive 
ADPI Troy, Ohio 45373 
513/339-2241 
TWX 810/450-2685 _ 
Branch Off: Oklahoma City. OK - Factory: Yucca Valley. CA 
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Viire Versatile, 
economical 
welded wire construction gives you 
easy one-to-one replacement for 
parts originally designed from other 
materials and forming processes. 
And our rapid prototyping helps 
you shorten your time-to-market! 


..to replace castings 


Stress from vibration and loads had 
caused this support bracket casting 
to crack. Resilient wireform over- 
came cracking problem and saved 
money, too. 


...to replace plastics 


This fluid col- 
lection system “ © 

base support was skele- © 

tonized to cut costs versus original 
molded plastic design; surface 
area which had trapped cleaning 
solutions was eliminated, too. 


...to replace stampings 


Putting metal only where needed 
for support, welded wire assembly 
employs inexpensive “eyes” to pick 
up bolt pattern for attachment. 


Think 
Wire then call Titchener 
607-772-1161. Ask for Ralph Jones. 


DTcHENER E.H. Titchener & Co. 


28 Titchener Place 
P.O. Box 1706 
Binghamton, NY 13902 


Creative design and production 
in wire, sheet metal and tubing. 
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Brochure describes solution 
for testing image sensors 


This 8-pg, 4-color brochure presents 
the company’s solution for testing 
image sensors, a solution that uses 
the A870 analog LSI test system to 
measure the quality of image con- 
version. The brochure begins by 
enumerating the imager parameters 
that you must identify and measure 
to test an image sensor adequately. 


DIGITAL PATTERN POWER 


The only data generator with all 
the features and the power you need. 


M Up to 128 Ch 
M 3 Level looping 


M@ 50 MHz 
M Memory: 4Kbits/Ch 
MH Complex digital patterns 


with no programming experience. 


Chosen by professionals world wide. Call us 
collect for a complete demonstration. No 


obligation. 


Pulse Instruments 
1234 Francisco Avenue, Torrance, CA 90502 


(213) 515-5330 
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These parameters include dark-lev- 
el measurements, defect counting 
(pixel defects and black-and-white 
poles), bloom level, and blotch and 
smear defects. The brochure then 
describes how the system accom- 
plishes these tests. Finally, it high- 
lights the test system’s features and 
introduces other instrument mod- 
ules from the manufacturer. 
Teradyne Inc, c/o Inquiry Sys- 
tems & Analysis, 25 Drydock Ave, 
Boston, MA 02210. 
Circle No 381 


Book categorizes ASICs 


Semicustom Databook For CMOS 
Gate Arrays And Standard Cells, a 
220-pg publication, catalogs the 
macrocell libraries available for de- 
signing IGC20000 Series gate ar- 
rays and ISC20000 Series standard 
cells. Divided into seven sections, 
the book provides an overview of 
the manufacturer’s ASICs (applica- 


dustrial Drives, 


tion-specific integrated circuits), in- 
cluding data such as characteristics, 
descriptions of workstation support 
and the company’s CAD system, 
and a process summary for convert- 
ing gate arrays to standard cells. In 
addition, it describes all internal 
macrocells, I/O macrocells, Flexi- 
cells, and ISC20000 megacells in the 
series’ libraries (including RAM, 
ROM, and GE2900 Series micro- 
processor functions). 
GE Semiconductor, 318 First St, 
Liverpool, NY 18088. 
Circle No 382 


Manual for DSP 


A DSP user’s manual, DSP56000- 
UM/AD, and a condensed technical 
summary, BR282, help you under- 
stand the architecture of the 
DSP56000 DSP chip. The manual 
includes chapters on signal descrip- 
tion, data organization and address- 
ing modes, the instruction set, the 


Railways, 


Weld 
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Power Your 
Communications. 
Communicate Your Power. 


With TDK Ferrite Cores. 


As telecom technology switches to digital, and 
power supplies switch to switchers, quality and fea- 
tures of ferrite cores take on added importance while 
generating new reasons to talk to the undisputed 


leaders, TDK. 


Next time you're in our neighborhood, come and 
take a look at the world’s largest production of ferrite 
materials. TDK manufactures ferrite cores from the 
raw materials on up, with totally automated produc- 
tion systems. 50 years of experience and a continu- 
ous R & D program are reflected in unique features 


and unsurpassed quality levels. 


For telecom and 
power supply appli- 
cations, TDK ferrite 
cores include: 


® High permeability 
types such as our H5E 


@ Low loss types with 
significantly reduced 
loss factors up into the 
MHz range; 


@ Extremely low power 
loss and reduced tem- 
perature surge types 
(H7c4); 


@ TDK original cores, 
EEC, EP, LP and PQ 
as well as IEC standard 
core shapes including 
EEC, POT, RM, etc. 


TDK. 


TDK CORPORATION OF AMERICA HEAD OFFICE 4711 West Golf Road, 
Skokie, IL 60076, U.S.A. Phone: (312) 679-8200 

TDK CORPORATION Tokyo, Japan. 

MH&W INTERNATIONAL CORP. 14 Leighton Place, Mahwah, New Jersey 
07430 U.S.A. Phone: (201) 891-8800 

MH&W INTERNATIONAL (CANADA) LTD. Phone: (416) 676-9401 


Initial Permeability ({Zi) 


Relative Loss Factor (tand/[Li) 


Power Loss (mW/cm3) 


Li vs. Frequency Characteristics 


Freq. (kHz) 


tand/[Ui vs. —— Characteristics 


Freq. (kHz) 


Power Loss vs. Temp. 


—_— 


Temp. (°C 
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CY525 3rd generation 


STEPPER MOTORCONTROLLER 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 

rate on the fly, read 

position on the 


CY512 

compatible, 

40 pin, +5 volt 

TTL, 8 bit I/O interface yg 
to ucomputer. $195 ea ($80/100) 
Prototyping board available. 


Cybernetic MicroSystems ‘y 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 attn: Cybemetic 
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° 


Low BATTERY - b= 5. d - 


PILE FAIBLE ° 


°o _ N e ft a o _ eo © 


# 
9 


“HAA WA WANA 
M0000, E DO 


@ —40°C TO 95°C STORAGE /OPERATION TEMPERATURE 
@ LOW POWER/HIGH CONTRAST/WIDE VIEWING 

@ DICHROIC/PHASE CHANGE TYPES 

@ PLASTIC PROTOTYPE/GLASS PRODUCTION/DOT MATRIX 
@ COMMERCIAL/MILITARY STANDARDS 

@ CUSTOM MODULES 

@ 2 TO 4 WEEKS DELIVERY 


POLYTRONIX, INC. 
P. O. BOX 833024, RICHARDSON, TX 75083 
(214) 238-7045 . 
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fly, and 
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more. 
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New Airpax Series 6600 thermostats are specially designed to 
ce N Al i A be compatible with all automated production techniques com- 
| mon to PC board manufacturing. They can be installed with 


DIP auto-insertion equipment. They are sealed to withstand wave 
A Pi AP. soldering and washing operations. And they provide both sens- 
ing and switching in a single space-saving device. Best of all, the 
with 1 amp switching capability over a 
‘ h A Di field. Add automated thermostat installation to your PC board 
production line. Call us today for configuration availability and 


fi CT é O Series 6600 combines production expediency with proven accu- 
temperature range of 40°C (104°F) to 
rs AC i AG e further details. Airpax Corporation, Frederick Division, 


racy and reliability. Bimetallic snap-acting thermostats, the Series 
Y ae a RM OS 7 A i 120°C (248°F ). To ensure performance, 
Husky Park, Frederick, MD 21701. (301) 6638-5141. 


6600 feature fast, positive response and excellent repeatability 
the temperature is factory pre-set, and cannot be altered in the 
@ A North American Philips Company. 


FREDERICK DIVISION 


CIRCLE NO 235 


LITERATURE 


I/O interface, exception processing, 
and chip operating modes. Appen- 
dices A and B cover instruction-set 
details and the chip’s benchmarks, 
respectively. The manual costs 
$8.65; the technical summary is 
free. 

Motorola Inc, Literature Distri- 
bution Ctr, Box 20924, Phoenix, AZ 
85036. 

INQUIRE DIRECT 


Book documents SCSI 


This edition of the SCSI Guidebook 
(issue number 2) contains detailed 
information on the history of the 
interface and describes basic SCSI 
concepts (including diagrams and 
charts), SCSI peripherals, and 
SCSI peripheral formatters. The 
book is designed to provide readers 
with a reference point to ensure 
compatibility among products dur- 
ing the early stages of development 
and integration. $16.95. 
Adaptive Data Systems Inc, 2627 
Pomona Blvd, Pomona, CA 91768. 
INQUIRE DIRECT 


EDN September 4, 1986 


Data book answers questions 
pertaining to T-1 networks 


DACS and D4 Compatibility an- 
swers technical questions related to 
the issue of equipment compatibility 
when building networks linked by 
T-1 transmission facilities. The 8-pg 
brochure discusses T-1 framing, 
D3/D4 formats, and DACS (digital 
access and cross-connect system), 


and it uses diagrams to explain how 
and why multiplexers and T-1 nodes 
must conform to transmission 
standards. Other topics covered in- 
clude D4 framing, superframes, ex- 
tended superframes, and signaling. 

Timeplex Inc, 400 Chestnut 
Ridge Rd, Woodcliff Lake, NJ 
07675. 
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LMI makes 
RFI/EMI filter 


¢ Lectroline® power line filters meet 
MIL-F-15733 and interface with all UL and 
NEC approved equipment. UL-1283 approval 
pending. 

e Wall- and Floor-mounted Lectroline 
power line filter panels. 


e Filters and power factor coils available 


for standard 60 Hz and 400 Hz power systems. 


¢ Communication and control line 
filters. 


° Lectroline signal line filter panels. 


¢ Custom filters to your specs to comply 
with MIL-STD-461/2/3, FCC, VDE and other 
regs. 

“Common mode filters. 

Reliability — an LMI advantage. 

All Lectroline power line filters are supplied 


with internal bleeder discharge resistors per 
UL 478-1967 and NEC 460-4. 


_ LMI» 


Oil leakage is virtually eliminated by hermetically 
sealing both the oil-impregnated capacitors and 
the external case. 

Other LMI advantages include ventilation 
screens in high-current Lectroline filters (to 
UL-1283), use of wiring wells to isolate input 
and output wiring, and internal filter wiring at 
1000 circular mils per ampere, minimum. 
Assembly of all electrical wiring, terminal strips 
and cabling is performed with UL-approved 
devices. 


For most RFI/EMI puppresson 
applications. 

LMI filters and filter panels are now widely used 
in shielded rooms and cabinets, ground support 
equipment, computer rooms, hospital 
diagnostic facilities, electrical and electronic 
equipment, and communication centers. Write 
or call the LMI Application Engineering 
Department for additional information. 


Nationwide Representatives 


LectroMagnetics, Inc. 


Specialists in electromagnetic shielding and compatibility 


6056 West Jefferson Blvd., Los Angeles, CA 90016 - (213) 870-9383, Toll Free (800) 325-9814-U.S.A. » (800) 325-9815-CA 
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PROFESSIONAL ISSUES 


emember to vote in the IEEE election 


Merlin Smi 


Focusing attention on — 
engineering accompl 


“Td like to get us in 


a better position of predicting technology’s future.” 


nhancing the image of engi- 

neers is an obligation of the 
IEEE, says Merlin Smith. Al- 
though the IEEE’s recognition 
awards and its memberships forums 
“let the world know we're doing 
good things in those areas,” says 
Smith, he favors devoting more of 
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the IEEE’s money and resources to 
increasing public awareness of engi- 
neering accomplishments and engi- 
neers’ roles in society. 

“We have a membership clamor- 
ing for greater recognition of their 
importance,” says Smith, who was 
nominated for the position of IEEE 


Jonathan Levine 


president by the organization’s 
board of directors. “If you go to an 
IEEE meeting, you'll often meet 
engineers there that are disillu- 
sioned and disappointed that their 
roles aren’t considered as important 
as they think they should be.” 

Smith is manager of systems 
technology for IBM’s Thomas Wat- 
son Research Center in Yorktown 
Heights, NY. He is responsible for 
exploring new applications of LSI 
systems. He previously worked in 
LSI development and managed 
projects in packaging and in the 
design of circuits and chips. He has 
worked for IBM since 1952, the year 
he began his engineering career. 

Smith’s involvement with the 
IEEE began in 1957 when he be- 
came involved in the organization’s 
technical activities. He is a member 
of the IEEE Computer Society and 
served as its president in 1977 and 
1978. He was elected to the position 
of executive vice president in 1985. 
Smith is currently vice president for 
technical activities. He has attended 
meetings of the Boston chapter for 
the last four years. 

“We have established a reputation 
in the IEEE, and we must build on 
that and remind our employers that 
we’re out there and that. we can 
really do something for employers,” 
he says. “We set the stage for the 
exchange of information. Our recog- 
nition programs are of benefit to all 
of them. But we must also build our 
image and our reputation with 
them.” 

Although he’s pleased with the 
IEEE’s work in disseminating tech- 
nical information, Smith wants the 
IEEE to take a more active role as a 
technological leader. “We’re in a 
changing environment,” he says. 
“One of the things I’m working on 
now is to make sure the Institute 
isn’t just following technology. 
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Right now, we’re reactive to things 
that happen. Our members are 
more involved in presenting tech- 
nology [through conference papers] 
than anticipating where technology 
will lead. Id like to get us in a 
better position of predicting tech- 
nology’s future.” 

To keep fresh ideas flowing into 
the [KEE organization, Smith 
would like to expand its base of 
volunteers. Smith says he sees too 
many instances where one person 
fills several posts within the organi- 
zation, resulting in a small cluster of 
active volunteers. To bring more 
people in, he suggests limiting vol- 


Irwin Fee 
The last E in IEEE 
stand for engin 


“What I want to do 
1s make an engineer 


unteers to one position and creating 
more volunteer functions. 

Continuing education of engi- 
neers, says Smith, is an area in 
which the IEEE should become 
more of a leader. “Some of even the 
largest companies are finding that 
it’s difficult to [implement] continu- 
ing education [programs] by them- 
selves. We need industry-wide and 
Institute-wide objectives in which 
the IEEE tries to act as an honest 
broker in pulling together and shar- 
ing materials. 

“The people that make up the 
IEEE can help us identify what 
their needs are in continuing educa- 


€ 


a professional in every sense of the word.” 


K or Irwin Feerst, election to the 
post of IEEE president would 
mean an opportunity to awaken not 
only the IEEE, which he considers 
a sleeping giant, but also the whole 
electrical engineering profession. 
Feerst attributes electrical engi- 
neers’ low professional profile to 
what he considers to be the IEEE’s 
lack of attention to engineers’ ca- 
reer concerns. Reshape the organi- 
zation’s goals so that they better 
represent members’ concerns, he 
reasons, and members will take a 
more active role. 

Feerst earned a place on the 
IEEE ballot by gathering signa- 
tures from more than 2000 IKEE 
members. He has been a member of 
the organization since 1948 and its 
most vocal critic for nearly as long. 
Feerst spent the early years of his 
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career working for what he calls 
“profit-minded organizations.” In 
1962, he turned to teaching and 
taught physics and electronics at 
Adelphi University for seven years. 
Since 1969, he has worked as an 
independent consulting engineer for 
electronic countermeasures and 
medical electronics on New York’s 
Long Island. 

At the same time that he was 
preparing to leave teaching, Feerst 
was growing increasingly opposed 
to the direction in which he saw the 
IEEE heading. The IEEE was be- 
coming “less responsive to the 
needs of working engineers and 
more responsive to the needs of 
academicians and corporate execu- 
tives. That’s when I decided to grab 
the tiger by the tail.” In 1978, he 
founded the Committee of Con- 
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tion. They can identify new [teach- 
ing] techniques and materials that 
are being used.” 

Smith credits the autonomy of the 
IEEE’s subsections with having 
helped the organization reach what 
he calls “preeminence.” But he also 
eyes the same autonomy as being 
partially responsible for the organi- 
zation’s difficulty in accomplishing 
broader objectives like better sup- 
port for continuing-education pro- 
grams. Despite this qualification, 
Smith wants to extend greater au- 
tonomy to the sections so that they 
may “continue the good things 
they’ve been doing.” 


cerned EEs. “I thought it was im- 
portant to formalize the complaints 
I’d made as an IEEE member,” he 
says. “It occurred to me that a more 
formal method of doing that would 
also give voice to the other people . 
who had complaints and might be 
more effective than ‘individual noise 
sources.’” Feerst mails his monthly 
newsletter to more than 3000 recipi- 
ents. The organization has no dues- 
paying members, only individual 
supporters. Supporters contributed 
$22,210 to the organization in 1984. 

Feerst has few complaints about 
the IEEE’s technical activities. The 
IEER’s technical publications, how- 
ever, he targets for reform. Feerst 
views with disdain the specialized 
journals published by the IKEE’s 
technical societies. He sees these 
narrowly focused periodicals not as 
centers of practical application in- 
formation, but as forums for acade- 
micians who must. “nublish or per- 
ish.” To prevent the technical 
articles from becoming too theoreti- 
cal, he advocates adding more prac- 
ticing engineers to publications re- 
view boards. He also favors placing 
a “criterion of utility” on technical 
papers that would ensure that the 
material would have practical appli- 
cations. 

Feerst’s most energetic plans for 
the IEEE lie in the area of profes- 
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sional activities. It’s in matters of 
employment opportunity, pension 
reform, age discrimination, and pro- 
fessional support that Feerst sees 
the IEEE as having failed its mem- 
bership most. “Engineers are en- 
couraged [by employers] not to 
think further along than the next 
design problem,” Feerst says. He 
supports devoting more space in the 
IEEE’s Institute and Spectrum, its 
monthly newspaper and magazine, 
to professional issues. “I’d like to 
see articles on ways of raising ven- 
ture capital for a new business; I’d 
like to see a listing of courses other 
than those sponsored by the IEEE, 
and I’d like members to know more 
about the inner workings of the 
IEEE. What I want to do is make 
an engineer a professional in every 
sense of the word.” 

His vision for the IEEE includes 
having the organization take an ac- 
tive role as member advocate. He 
sees age discrimination as a serious 
threat to engineers and an area in 
which the IEEE should assist mem- 
bers with grievances against their 


“Td like to see better 
programs at the local level 
to cause some engineer who'd 
rather sit home to show 

up at Ins section or 

chapter meeting.” 
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employers. He would like to see the 
IEEE step in to assist members as a 
friend of the court and as mediator 
between the employee and the 
employer. 

Feerst also is a strident supporter 
of legislation that would require for- 
eign-born engineering students to 
return to their home countries after 
graduation. When foreign-born stu- 
dents remain in the US after gradu- 
ation and seek work, Feerst asserts, 
American engineers have fewer job 
opportunities. Feerst regularly 
combs trade publications for re- 
cruitment advertisements that seek 
engineers with several years of ex- 
perience and advanced degrees, yet 
offer a starting salary of less than 
$30,000. The only engineers who 


respond to such advertisements, he 


says—and, he adds, the engineers 
at whom such advertising is tar- 
geted—are foreign engineers will- 
ing to work for below-market wages 
in order to remain in the US. Feerst 
reports such ads to members of 
Congress and Department of Labor 
representatives. “We should keep 


issell Drew: Stepping up 


services at the local level 


aving extensive experience 
working within one of the 
world’s largest organizational 
structures—the US government— 
Russell Drew hopes to bring better 
organization to the IEEE should he 
win this fall’s election for president. 
“I would like to strengthen the 
role of the local sections and chap- 
ters,” Drew says. “I’d like to work 
on improved communications.” By 
funneling more money to the local 
levels of the IKREE, Drew hopes to 
see better regional newsletters, as 
well as more interesting local meet- 
ings and seminars. He envisions the 


up relentless pressure on offending 
employers,” he says. 

Feerst’s most pressing goal, how- 
ever, is to make the organization 
more representative of its mem- 
bers. Educators and upper-level 
managers are overrepresented in 
the IEEE’s leadership, he says; as a 
result, the organization has drifted 
away from its original purpose. 
“The IEEE is constitutionally 
obliged to support engineers,” he 
says. “(IEEE leaders] are unwilling 
to do this when it means tangling 
with employers. I don’t advocate 
going out and picking fights with 
them; it’s wrong to do that. But it’s 
perhaps even more wrong to walk 
away from the lies that have been 
hurled—that there is a shortage of 
engineers, that engineers are 
washed up at 35.” 

The process of revitalizing the 
members of the IEEE, Feerst says, 
is like regenerative feedback: “Once 
you can show that the IEEE has 
done something for the working en- 
gineer, then you'll be able to attract 
back the disenchanted members.” 


development of a speakers bureau 
that would furnish guest speakers 
and arrange for technical and busi- 
ness experts to embark on speaking 
tours of several local chapters. 

Drew worked in the White House 
Office of Science and Technology for 
seven years and then directed the 
activities of the Office of Naval Re- 
search’s London facility for one 
year. Upon returning to Washing- 
ton, Drew worked for the National 
Science Foundation on the perma- 
nent establishment of the Office of 
Science and Technology Policy, the 
White House agency that defines 
government initiatives in science 
and engineering. 

Drew foresees a time when local 
sections will be connected by elec- 
tronic mail. “It’s going to cost some 
money to provide the linkages, the 
time, and the network,” he admits, 
but he believes it will markedly im- 
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ANALOG IS ALIVE 
AND WELL IN: 


A Designer’s Guide to 
Innovative Linear Circuits 


As exciting as digital technology 1s, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN 1s offering a 
wealth of analog design information 
in A Designer’s Guide to Innovative 
Linear Circuits. 

This 186-page collection of articles 
was developed by Jim Williams, one 
of America’s foremost linear-circuit 
designers. It includes practical and 
efficient ways to use op amps, com- 
parators, data converters, and other 
analog ICs, and discusses the the- 
ories behind all the design tech- 


niques presented. 
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Send us 
your next 


shield 
design 


problem. 


MuyShield is ready 
to tackle your magnetic 
shielding jobs. 

We are your most com- 
plete source of custom 
shields for electron micro- 
scopes, CAT and PET scan 
machines, computer ter- 
minals, and more. We have 
standard shields for photo- 
multiplier cathode ray and 
storage tubes, and all types of 
shielding materials in stock. 

Send us the blueprint for 
your next job. We'll show 
you a beautiful solution. 

Or for more information, 
write or call us. 


MuSHIELD 
COMPANY 


DIVISION OF BOMCO, INC. 
103 Madison St., 
Malden, MA 02148-6890 
Phone 617/321-4410 


CIRCLE NO 67 
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PROFESSIONAL ISSUES 


prove communication among local 
sections. To support improved local 
service, Drew plans to tap the 
IEER’s financial reserves. Drawing 
on the organization’s investment 
income, Drew plans to make a one- 
time allocation of funds “on the 
order of $1 million” to IEEE sec- 
tions and chapters. 

As the IEEE’s vice president for 
professional activities in 1984 and 
1985, Drew oversaw the IEEE’s 
committees on career issues, an 
area that he would try to strengthen 
as president of the organization. 
“We need to give some attention to 
rapid response mechanisms,” he 
says, adding that he wants mem- 
bers to feel comfortable using local 
section meetings as vehicles for 
communicating their concerns to 
IEEE leaders. 

Drew targets age discrimination 
as an area in which the IEEE can do 
more for its members. “We need to 
make our members aware of age 
discrimination and about what con- 
stitutes age discrimination. A lot of 
people don’t know what it is and 
don’t understand what their rights 
and responsibilities are. Education 
is part of that.” To educate mem- 
bers, Drew would support more 
symposiums on age discrimination 
such as the April conference the 
IEEE cosponsored in Washington, 
DC. 

By molding the IEEE’s local sec- 
tions into more receptive and re- 
sponsive bodies, Drew hopes to en- 
ergize them. “People participate 
when they see something at stake or 
when they see something that’s re- 
ally going to benefit them,” he says. 
“I'd like to see better programs at 
the local level to cause some engi- 
neer who'd rather sit home to show 
up at his section or chapter meeting. 
By improving communication and 
having more vigorous programs and 
activities, we hope to capture their 
interest. You have to demonstrate 
by the quality of the things the 
IEEE is doing that it’s worthwhile 
for somebody to be active.” 


Drew’s membership in the IEEE 
began in 1977 when he left govern- 
ment to work for Systems Control, a 
private company involved in ad- 
vanced applications of control the- 
ory to the management of electrical 
power systems. Since then, he has 
served as chairman of the technolo- 
gy policy committee and the produc- 
tivity and innovation committee. As 
vice president for professional activ- 
ities, Drew also served as the sole 
representative for professional ac- 
tivities on the IEEE’s board of di- 
rectors and was chairman of the 
board’s membership-development 
committee. 

In addition to activating the 
IEKEE’s US members, Drew would 
like to find new ways to give the 
organization’s 60,000 foreign mem- 
bers more of a voice. “I see a great 
benefit to the membership from the 
international scope of our organiza- 
tion. I believe that we have not 
found all of the appropriate ways in 
which our national membership can 
participate in the Institute. I’d like 
to give some attention to ways in 
which the situation can be im- 
proved.” Drew suggests that his 
first step toward examining alterna- 
tives would be the formation of a 
task force. 

Drew, who is now president and 
founder of Viking Instruments, a 
Sterling, VA, maker of analytical 
instruments, says that the global 
good health of the engineering pro- 
fession reflects positively on Ameri- 
can engineering. “Engineering is a 
very mobile commodity. I believe 
that by having a strong demand for 
engineering globally, we in fact re- 
inforce the role of engineering in the 
US. It keeps us on our toes.” 


Article Interest Quotient 
(Circle One) 
High 518 Medium 519 Low 520 
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Fall National 
Design Engineering 


Show & 


Conference™ 
September 16—18, 1986 
Jacob K. Javits 
Convention Center 
New York City 


At Fall Design, you’ll discover new ideas that can: 

¢ Cut costs—find new suppliers . . 
the best value for your dollar 

¢ Help improve your designs—see hundreds of new 
products and technologies on the market 

¢ Solve your design problems— meet with product 
specialists at each booth 

¢ Save time—all the products you need in one place 

¢ Make your job easier —learn new techniques and get 
‘‘hands-on’’ computer experience at the joint ASME 
sponsored Conference. (For a complete Conference 
Program check the box on the attached reply card.) 


. compare prices . . . get 


Test and compare 


CAD/CAM ¢ mechanical components ¢ electrical & 
electronic components ¢ plastics, metals & alloys ¢ 
fasteners, adhesives and joining systems * power 
transmission ¢ fluid power and handling * shapes & forms * 
engineering equipment and services... and more. 
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Save time and money...mail today to 
receive Ticket for FREE show admission. 


Fall 

National Design 
Engineering 

Show & Conference™ 


Tickets for FREE 


[] Please send me 
Show admission. 


L] Please send me 
Programs. 


Conference 


Name 

Title 
Company _ 
Address 

CO 
Stae_ = C“(i‘“C;C‘SZp 


Mail to: Fall Design, P.O. Box 597, 
Chester, NY 10918. GH 
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CAREER OPPORTUNITIES 


7 Reach For 
1986 Editorial Calendar and Planning FDN Car eer N EWS 
tae EIDIN To Reach Your 


Date Deadline Editorial Emphasis 


, 
Oct:-2 Sept. 11 Surface Mount Technology; i 
Memory ICs; CAE; Semi- S 


custom IC Directory 

(CAE-related*) 
Se, COSI: 10715 
Oct. 16 Sept. 25 Digital Signal Processing; Mailing: 10/28 

Personal Computers; ICs; 

Test & Measurement In 

struments; Display 


Technology 
Oct. 30 Oct. 8 Batteries; Converters; Wes- 


con ’86 Product Preview; 

European Electronics; Com- 
P 

puter Boards 


Nov. 13 Oct. 23 Wescon ’86 Show Issue; Op 

Amps; CAE; Semicustom 

ICs (CAE- related*); Artifi- 

cial Intelligence 

(CAE-related*) ; 
ee Closing “1173 
Nov. 27. Nov. 6 Microprocessor Technology Mailing: 11/25 

Report & Directory; CAE; 


Passive Com ponents 


Dec. 11 Nov. 18 Product Showcase—Volume 
I, ICs & Semiconductors; 
Hardware & Interconnection 
Devices; Power Sup- 
plies/Sources; Software; 
Literature on Computers & 
Peripherals, Components, 


ag asi Ten times a year, EDN Career News 

— publishes the editorial you need to reach 
ai Mos eed your professional potential; editorial that 

oement Tsuen er will help you find a job and keep it. 

on ICs & Semiconductors Among the special sections you'll 

Devices, Power Sup- discover are: 


plies/Sources, Software 


¢ Regional Profiles for complete 
relocation information to the hot 


technology areas 
Call today for information. ¢ Company Profiles & Spotlights 
for expanded overviews of who's 
East Coast: Janet O. Penn (201) 228-8610 hiring and where 
West Coast: Dan Brink (714) 851-9422 ¢ Personal/Professional Growth for 
National: Roberta Renard (201) 228-8602 career development and productivity 


¢ Salary Surveys for eye-opening 
earnings comparisons 
Next time you receive your copy of 


EID IN] EDN Career News, read it. And reach 


First in Readership Among Design new heights in your Career. 


Engineers and Engineering 


Nonoges in Eto EDN CAREER NEWS 


For Professional Growth and: Development 
- Roberta Renard, National Sales Manager 
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You don’t have to wait years to see 
hat the next ATE generation looks like. 
You can see it today at GE. 


This is your opportunity to become associated with an 
organization offering a rare combination of challenge 
and future commitment. Right now, GE Engineers are 
redefining today’s most sophisticated ATE systems 


technologies. 


@ RF Project Engineer— 
Candidates should have at least 7 
years experience in one or more 
of the following areas: HF to 
microwave frequency synthesizer 
design, frequency doubler design, 
microwave AGC amplifier design, 
harmonic mixer/down conversion 
design. A knowledge of CAE de- 
sign programs is required; ex- 
posure to CAE/CAD systems such 
as COMPACT, SPICE, and/or 
TEGAS design language would be 
a significant asset. 


@ Systems Analysts (Senior & 
Intermediate Levels)— Requires 
BSEE/CS with at least 6 years 
SH/HW design experience, a 
thorough understanding of operat- 
ing systems and computer ar- 
chitectures, and a Knowledge of 
Assembly and higher level lan- 
guages such as PASCAL. Experi- 
ence in ATE or TPS development 
would be a significant asset. 


@ Design Engineers (Senior & 
Intermediate Levels)— Requires at 
least 4 years experience in one or 
more of the following: (1) RF 
design VHF, UHF, microwave, (2) 
synthesizer design, (3) analog 
design, (4) digital design-ECL, (5) 
Logic Arrays-Bipolar/CMOS, (6) 
Signal Processing hardware. A 
knowledge of CAE/CAD systems 
such as COMPACT, SPICE, and/or 
TEGAS design language would be 
a plus. 


to come. 


@ R.F. Design Engineers 
(Intermediate-Senior Levels) — 
Requirements include a BSEE 
(MSEE preferred), at least 3 years’ 
experience designing and im- 
plementing R.F. circuits (Phase 
lock loops, UHP VCO design, A/D 
and D/A converters, and program- 
mable instrumentation), sub- 
systems and systems in the fre- 
quency range from 50 MHz to 
Millimeter Wave. Familiarity with 
TOUCHSTONE and SPICE is 
desirable. 


@ Analog Design Engineers 
(Intermediate-Senior Levels)— 
Applicants should have a BSEE 
with experience in the design and 
implementation of analog circuits 
such as low level signal amplifers, 
A/D converters, analog multiplex- 
ers, and frequency synthesizers. 
Familiarity with TOUCHSTONE 
and SPICE is desirable. 


@ Digital Design Engineer 
(Senior Level)\—Applicants should 
have a BSEE and 5-10 years’ ex- 
perience managing and designing 
high speed digital systems in- 
cluding requirements analysis, 
conceptual design, detail design, 
and implementation into produc- 
tion. Experience designing 
BIPOLAR and CMOS gate arrays 
and simulation languages such as 
TEXSIM and TEGAS V. Experience 
on daisy workstation would be 
significant asset. 


At the same time, GE technical professionals are develop- 
ing concepts and designing the systems which will deter- - 
mine the course ATE technology will take in the decades 


@ Systems Engineer (Senior 
Level)— Requirements include a 
BSEE and extensive military ATE 
systems experience (preferably 
Navy) in the areas of requirements 
analysis for complex systems, 
preliminary conceptual design, 
specification writing, design 
reviews, optimization of systems 
design, and modeling and simula- 
tion. Specific experience with | 
hardware/software development, 
military systems specifications. A 
knowledge of reliability and main- 
tainability engineering/human 
factors/safety and ILS would be 
significant assets. 


@ Software Engineers (Senior & 
Intermediate Levels)— Require- 
ments include a BSEE with 
specific ATE experience defining, 
specifying, designing and 
developing systems and test ap- 
plication software. Familiarity with 
HP 1000 Model A 700 operating 
system, ATLAS, Fortran, Pascal 
and Ada would be a definite plus; 
VAX experience desirable. 


@ Test Program Set (TPS) Design 
Engineers—Perform test require- 
ments analysis and test design 
for electronic assemblies. Re- 
quires BSEE with 3-6 years in 
analog, digital or RF TPS develop- 
ment. Experience using ATLAS, 
HITS and LASAR for TPS develop- 
ment is desired. Familiarity with 
HP-1000 operating systems, or F15, 
F16 or F18 TPS development is 
desired. 


General Electric offers a competitive salary and benefits package as well as continued 
opportunities for both management and technical development. For immediate con- 
sideration please forward your resume, including the best time to contact you, to: Ms. 
Karen Kiss, General Electric, Dept. EDN -36, 110 Wynn Drive, Hunstville, AL 35805. U.S. 
Citizenship is required. An equal opportunity employer. 
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The future is working 
at General Electric 
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Masterminding the 


Advanced Technologies 


of Electro-Optics 


haar 


Central electronics unit 


Targeting pod 


Whatever the weather, night or os electro-optical 
technologies can help guide pilots and other equipment 
through the most adverse conditions. From orbiting 
satellites, it can even detect crop disease and predict the 
possibility of drought. 

At Orlando Aerospace, Martin Marietta is advancing 
electro-optical technologies in areas like fire control and 
ground combat systems, and precision-guided weapons. 
Systems which can search, sense and seek utilizing state- 
of-the-future laser, television, infrared, and millimeter- 
wave technologies. 

Electro-optics is just part of the many technologies being 
advanced by Martin Marietta. Denver Aerospace is in- 
volved in a wide array of space and defense related activ- 
ities including the Manned Maneuvering Unit, Space Sta- 
tion, and the latest line of Titan space boosters. 


LANTIRN, designed and 
developed by engineers at 
Orlando Aerospace, utilizes 
advanced sensor technology 
which allows pilots to operate 
at night and under adverse 
weather conditions. 


LANTIRN pods 


Forward-looking 


Infrared 
bs 


Radar Aritenna 


Michoud Aerospace in New Orleans, and Baltimore 
Aerospace continue to develop advanced composites and 


_ bonding technologies. There's also on-going work in arti- 


ficial intelligence and robotics. 


Information and Communications Systems is advancing 
various technologies in command, control, information 
and intelligence systems including the modernization of 
the nation’s air traffic control system. 

Masterminding the advanced technologies of space, 
defense and information systems is a formidable 
challenge. At Martin Marietta, we accept that challenge. 
With your help, we can meet it. 

If you're an aerospace professional or engineer, consider 
the opportunities available throughout the Martin 
Marietta companies. Send your resume to the Martin 
Marietta company of your choice. 


We are an Equal Opportunity Employer 


WMAKTIN MARIETTA 


ENGINEERING 


Many opportunities in Telecom, 
CO, Cellular, RF, CAD, I & C, 
Computers, Peripherals, En- 
gineering Management. Send re- 


sume to: MTI 
20287 N. Hwy 21 
Suite 104 
Wheeling, IL 60090 


Noel Rice 312/541-6440 


The 
EDN © 
Recruitment 
Team 


Roberta Renar 
National Sales 


Manager 
(201) 228-8602 


Janet O. Penn 
ast Coast 


Manager 
(201) 228-86 


an Brin 
est Coas 
Manager 
(714) 851-9422 


cnanic 


Call today 
to reserve 


& * 


ae & 
~~ 
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Databank 


Professional Profile 
Announcing a new placement service for professional engineers! 


To help you advance your career. Placement e The computer never forgets. When your e Your background and career objectives 
Services, Ltd. has formed the EDN Databank. type of job comes up, it remembers you're will periodically be reviewed with you by 
What is the Databank? It is a computerized qualified. a PSL professional placement person. 
system of matching qualified candidates with e Service is nationwide. You'll be We hope you're happy in your current posi- 
positions that meet the applicant's professional considered for openings across the U.S. tion. At the same time, chances are there is an 
— and een What are the advantages of by PSL and it's affiliated offices. ideal job you'd prefer if you knew about it 
sa e Your Identity is protected. Your resume That's why it makes sense for you to register 
e It’s absolutely free. There are no fees or is carefully screened to be sure It will not with the EDN Databank. To do so, just mail the 
charges. be sent to your company or parent completed form below, along with a copy of 
| organization. . your resume, to: Placement Services, Ltd., Inc. 
Name Parent Company — 
Home Address: Ss “Your division or subsidiary: 
City State: Zip: Location (City, State) 


Home Phone (include areacode): = == CsCBssineess Phono if O.K. to use: 


EDUCATION] [wom [om [Wag coxmmtnmay 
a a a 
rr a ee 


POSITION DESIRED 
EXPERIENCE Recent Position ~ From: | To: Title: 


Duties and Accomplishments: Industry of Current Employer: 
Reason for Change: 
PREVIOUS POSITION: 
Job Title: 
Employer: =F: WO i I i es OU: 
Division: _-._ EES Type of Industry: Salary: 


Duties and Accomplishments: 


COMPENSATION/PERSONAL INFORMATION 
Years Experience Commission Bonus Min. Compensation 


Date Available Will Travel 0 town my home. How long?_______ I rent my home/apt. 0 
O Light © Moderate () Heavy 


C) Employed O) Self-Employed (1) Unemployed (1) Married 0 Single Height____Weight____ 


Level of Security Clearance DO U.S. Citizen | O Non-vU.S. Citizen iy Keeney ney De come ser to: = ukoeee employer 


L) WILL RELOCATE (] WILL NOT RELOCATE () OTHER 


Databank 


A DIVISION OF PLACEMENT SERVICES LTD., INC. 


265 S. Main Street, Akron, OH 44308 216/762-0279 


oO @ ©O-0 © OO OD 2 2B @ 0 © CO © ©. 0 OO oO. 
O 0 'O ©. © O:..0O 0. 0:02 ' O04 O40» @. Ow 0.2.0 .-0O7.0 2.0. 0. 
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‘Raytheon’s Bedford Laboratories: 


RECOGNIZED 
FOR THE 
TECHNOLOGIES 
WE DEVELOP. 
RESPECTED FOR 
THE RESULTS WE 
ACHIEVE. 


MATERIALS 
ENGINEER 


You will be involved in the areas of 
plating, bonding, and soldering with 
an emphasis on non-metallics from 
initial design through production. You 
will be responsible for detailed draw- 
ing reviews and sign-offs for proper 
material selection. To qualify, you 
must have a BS in Chemical Engi- 
neering, Materials Science, plus 5 
years of experience with strong proc- 
ess orientation. A working knowledge 
of applicable military and industrial 
specifications is essential. 


At the Bedford Laboratories of 
Fortune-100 Raytheon Company’s 
Missile Systems Division, we 
demand much from technology. 
We start at our already advanced 
levels and push it higher. We insist 
that it constantly perform at its 
absolute best. Most important, 
we expect technology to produce 
results—reliable, impressive, mea- 
surable results. 


Our uncompromising approach has 
won us the respect of the industry 
and has made us a pre-eminent 
force in the research, design, 
development, and implementation 
of leading-edge technology for 
many of the world’s most important 
air defense systems, including 
PATRIOT; AMRAAM; the new- 
generation HAWK; Sidewinder; 
Phoenix; Standard Il; the new, ver- 
tical launch Sparrow; and IR Maver- 
ick. And our ability to deliver the 
desired results on these critical 
programs constantly attracts more 
rojects to us, creating an ever- 

ncreasing number of outstanding 

career opportunities. 


Technology brings both results and 
recognition at Raytheon...from. 
our many customers and for our tal- 
ented technical professionals who 
demand much from technology, 
and contribute even more. 


Raytheon 


SR. ENGINEER—TEST 


We will look to you for leadership in 
the preparation/debugging of soft- 
ware and test fixtures for automatic 
test of logic modules, memory 
devices and microprocessors. You 
will also evaluate and critique design/ 
test specifications of prototype mod- 
ules and LSI devices, as well as help 
maintain and modify test equipment. 
To qualify, you must have a BSEE, 
plus over 8 years of experience in the 
design and test of logic circuits. Spe- 
cific experience in the programming 
and use of automatic test systems is 
also required. 


COMPONENT 
ENGINEER/ 
SPECIFICATIONS 
WRITER 


You will be responsible for writing 
military component specifications 
including SCD’s generated from IBM 
PC AT’s. To qualify, you must have a 
BS in Engineering, plus 5 years of 
experience in specification writing, 
including 2 years in semiconductor 
writing. An in-depth knowledge of 
military component specification 
MIL-M-38510 and format is required. 
This position offers an opportunity to 
work in a highly-advanced automated 
environment. — 


ANALOG TEST 
SYSTEMS DESIGN 


We seek an individual with success- 
ful supervisory experience and 
strong communications skills to 
direct up to 30 engineers in the devel- 
opment of test stations for product/ 
field testing of modules, microcir- 
cuits, and subsystems. You will also 
be responsible for the testability of 
new designs, evaluation of prototype 
hardware, and preparation of pro- 
posals. To qualify, you must have a 
BSEE, with 8+ years of ATE HW/SW 
experience, preferably in the analog 
‘circuit card area in defense electronics. 


ENGINEERS—QA 


We have outstanding opportunities to 
bring your dedication to quality to 
ours in the following areas: 


_] Failure Analysis 


Perform ‘“‘Root Cause” failure analysis 
of integrated circuits and hybrid cir- 
cuits. Perform construction analysis 
on advanced technology components 
including MMIC. Assess reliability of 
new component technologies. BSEE 
and 5 years of related work experience 
in components test and/or hybrid 
assembly and/or QA required. 


L] QA Requirements 


Make Quality decisions on hardware 
and coordinates support effort. 
Define QA requirements, prepare 
necessary plans and documentation 
to control hardware quality. Maintain 
continuous liaison with Design and 
Manufacturing Engineering. BSEE or 
ME with experience in the fabrication, 
assembly, inspection and test of gov- 
ernment hardware, and 5 years of 
experience required. 


_] Integrated/Hybrid 
Circuits 

Planning, Hybrid/Microelectronics 
quoting, quality directives, customer 
interface, cost control, microelec- 
tronic design reviews, MIL-M-38510/ 
MIL-Q-9858A audits and critical proc- 
ess controls. BS in any of the 
following required: Engineering Man- 
agement, Industrial Management, 
Mechanical, Electrical or Chemical 
Engineering. 


Raytheon offers excellent sala- 
ries and many company-paid 
benefits as well as Stock Owner- 
ship and Savings and Investment 
Plans. For opportunities at 
Raytheon’s Bedford Laboratories, 
please forward your resume to: 
Stephen E. King, Raytheon 
Missile Systems Division, 
Hartwell Road, Bedford, MA 
01730. U.S. Citizenship 
required. An Equal Opportu- 
nity Employer. 


See us at the International Test Conference in Washington, D.C., 


September 8-10, 1986 


Where quality starts with fundamentals. 
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wP technology gives boost 
to chart recorder sales 


The respective market-growth 
curves for chart recorders that use 
wPs and for those that don’t will 
diverge over the next few years, 
according to the market-research 
company Venture Development 
Corp (Natick, MA). Demand for wP- 
based recorders will grow at an 11% 
annual rate to achieve a $218 million 
market by 1991, while demand for 
traditional recorders that don’t em- 
ploy wPs will show a slight decline 
through the same period. All cate- 
gories of the w»P-based units will 
become increasingly popular: strip- 
and circular-chart recorders, oscillo- 
graphic systems, and X-Y units. 
Shipments of hybrid recorder/log- 
gers—systems that combine the 
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features of multichannel analog 
strip-chart recorders and data log- 
gers—should more than double by 
1991 to more than $67 million. Yet 
the highest annual growth rate for 
any category of recorders is for the 
circular-chart variety—35.6%. 
The research company believes 
competition in the field will become 
more intense over the next few 
years. Foreign manufacturers, 
which have benefited from the 
strong US dollar in recent years, 
will continue to compete aggres- 
sively in US markets. These compa- 
nies have been able to produce low- 
cost recorders with attractive 
additional features. As a result, the 
value of recorder imports to the US 
in 1985 was more than twice that of 
exports by US manufacturers. 


Sales of discrete semis 
to reach $9.83B by 1990 


Worldwide consumption of discrete 
semiconductors, measured in total 
sales, will rise from 1985’s $5.5138 
billion to $9.88 billion by 1990, ac- 
cording to Gnostic Concepts Inc, a 
market-research concern based in 
San Mateo, CA. The average annual 
growth rate through that period 
will be 12.3%. Customers in the 
Pacific Basin will sustain that rate 
with their own considerable use of 
discrete semiconductors over the 
next five years, averaging an annual 
growth of 14.5%. 

The largest market for discrete 
semiconductors in the US is the 
military and other government .de- 
partments, which account for ap- 
proximately 25% of all parts used in 
this country. Communications 
equipment makers are the second 
largest market—estimated 1985 
purchases reached $369 million— 
but the computer industry should 
show the strongest growth over the 
next five years. Gnostic Concepts 
believes that the industry should 
see an end to its recent woes in 
1987, and that US computer makers 
will buy $461 million worth of dis- 
crete semiconductors in 1990. 

Of all the different types of dis- 
crete parts, power MOSFETs will 
show the strongest rate of growth 
over the next five years—24% annu- 
ally, according to Gnostic analyst 
Barry Haaser. The emergence of 
new applications, lower prices, and 
an adequate manufacturing capacity 
will be the keys to growth in this 
segment of the industry. 

Power ICs are also gaining in pop- 
ularity (the company defines a 
power IC as a monolithic device that 
combines analog or digital functions 
with a power transistor). Gnostic 
Concepts projects US OEM con- 
sumption of power ICs will reach 
$157 million by 1990. 
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ore tough mixers 


SPECIFICATIONS (+7dBm LO) Each of the mixers shown is an outstanding performer. They offer a 
Model Freq(MHz) Conv. Loss L-Risolation Price$ ty. formidable selection to master almost any systems design challenge. 
LO/RF (dB) Typ (dB) Typ 


Looking for a rugged, low-cost mixer for industrial applications? 


siege pei ee ee cas Cramped for space? Consider the RMS-1, the world’s smallest, lead- 

SBL-1 4-500 55 45 4.50 (10-49) less surface-mount mixer or the ASK-1, the smallest flatpack, leaded 
3.95 (100) surface-mount unit. Or the convenient plug-in SBL-1, the world’s 

SBL-1X 10-1000 6.0 40 5.95 (10-49) lowest-cost mixer spanning 1 to 500MHz or the SBL-1X covering 

ASK-1 1-600 5,5 35 5,95 (10-49) 10 to 1000MHz. 

LMX-113*  5-1000 6.5 40 14.95 (6-24) 

RMS-1 0.5-500 5.5 $3 6.95 (10-49) Need a hi-rel, mixer for stringent military/space applications? Try 


*unitsarenorOPl ieted the TFM-2, the world’s smallest 4-pin hi-rel mixer or the tiny LMX-113 
for testing and screening to MIL-M-28837/1A add /MIL tomodelno. _ flatpack; or the world’s best-selling hi-rel mixer, the SRA-1 carrying 
Also add $3 to unit price for SRA-1, $6 for all other models the industry’s only 3-year guarantee. If your application demands 

MIL-M-28837/1A screening and test, specify either the TFM-2/MIL, 
the LMX-113/MIL, or the SRA-1/MIL. 


For tough applications, rely on tough mixers... from Mini-Circuits. 


tion 
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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who says you can't buy the best 
E/EPROM programmer for $1,295 * 


unbiddable price for unbeatable performance. 


Firmware stored in 

SOFTPACK plug-in 
» Module for simple, 
do-it-yourself 


system updating. 


 . ek 2. Soe oe. oe re ae = ~4 Oo A 
IGelec Portable Programmer cei og4 


11 Device functions, Standard memory 
including automatic 512Kb expandable 
device identification. to 2Mb. 


as fe SaaS ine sree ae aang ie ties 
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RS232C serial interface. 
f 


a 


UV eraser with 
_ programmable 
timer. 


10 RAM functions 4 Modes - including 


“Finger-friendly,” 
with wide range of SPEEDY and SET- HEX keyboard. 
editing capabilities. for fast and easy 


‘i i 4 Device-function 
one-key” operations. dedicated keys, 16character, easy- 


Individual socket- single Socket- Complete range of to-read alphanumeric 
programs all INTELs programs over 180 — SET-UP functions display. 
and compatible MOS and CMOS, stored in nonvolatile 
single-chip micro- 16K to 542K EPROMs RAM. 
computers. and EEPROMs. 
“US Domestic introductory price 


USA: DIGELEC INC., 1602 Lawrence Avenue, Ocean, New Jersey 07712. Tel: (201) 493-2420, Tix: 754-098. 
EUROPE: DIGELEC AG, Dorflistrasse 14,CH-8057 Zurich, Switzerland. Tel: (01) 312-4622, Tix: 815 750 DIGE CH. 
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DESIGN GATE ARRAYS WITHOUT 


FUTURENET TAKES THE RISK OUT 
OF GATE ARRAYS. When designing a 
gate array it’s easy to get lost ina 
maze of gates. Now, with the new 
FutureNet® Semicustom Development 
System™ there’s an easy, reliable solu- 
tion to complex gate array design. 
With 32-bit UNIX™-based power, 
this workstation lets you describe your 
circuit by function, as well as gate by 
gate. You can easily capture, synthe- 
size, simulate, and prototype your 
design on the same system. 


USE THE CAPTURE METHOD MOST 
NATURAL TO YOU. Some designs are 
easier to describe graphically, others 
functionally. FutureNet offers you a 
choice. The Semicustom Develop- 
ment System includes DASH™ Sche- 
matic Designer to quickly draw your 
circuit. Or, use new DASH-GATES™ 
to automatically generate gate array 


Distributed by Hamilton/Avnet. 
Data I/O Corporation 


schematics from truth tables, state 
diagrams, or just a handful of equations. 


AN EASY, INTERACTIVE PROCESS 
SPEEDS DESIGN. Now you can modify 
your design quickly and easily. In min- 
utes, you can expand a multiplexer or 
change an entire state machine. Our 
new, interactive verifier lets you watch 
the results instantly ripple through your 
design and know immediately that the 
circuit functions correctly. 

The DASH-GATES powerful logic 
synthesis algorithm eliminates redun- 
dancy and factors your design, allow- 


4 ® 
Authorized IRR Value-Added Dealer 


10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/ Telex 15-2167 


FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-7528 (818) 700-0691/ Telex 910-494-2681 

Data 1/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1E5 (416) 678-0761 

Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/ Telex 16616 DATIO NL 
Data I/O Germany Bahnhofstrasse 3, D-6453 Seligenstadt, Federal Republic of Germany (6182) 3088/ Telex 4184962 DATA D 

Data I/O Japan Sumitomoseimei Highashishinbashi Bldg., 8F, 2-1-7, Highashi-Shinbashi, Minato-ku, Tokyo 105, Japan 


(03) 432-6991/ Telex 2522685 DATAIO J 
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GETTING LOST IN THE GATES. 


ing you to make speed/size tradeoffs 
and compress greater functionality 
into smaller devices. 


GO TO THE FOUNDRY WITH 
CONFIDENCE. Finish the design cycle 
with full simulation. Our Semicustom 
Design Kits contain foundry-approved 
simulation libraries. FutureNet’s 
DASH-CADAT Plus gives you a famil- 
iar logic analyzer waveform display for 
easy analysis. 

You can also verify your circuit by 
prototyping with programmable logic 
devices before committing to silicon. 
DASH-GATES allows you to easily 
partition your design and automatically 
produce PLD programmer load files. 


FIND THE EASY WAY OUT OF THE MAZE. 
Call us at 1-818-700-0691. We'll get 
you through the gates and into the 
power of semicustom technology. 


FutureNet 


A Data I/O Company 


